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TRANSLATOR’S  PREFACE. 


I now  prefent  the  fcientific  world  with  a 
Tranflation  of  the  mod  extenlive  Chemi- 
cal Treatife  at  prefent  in  being  ; compofed 
by  an  Author  whofe  continued  labours  and 
refearches  are  too  well  known  to  require 
any  eulogium  from  me  on  this  occafiom 
An  entire  generation  of  Chemifts,  who  have 
imbibed  their  firfh  notions  of  this  Science 
from  his  Works,  in  every  part,  and  by  every 
language  in  Europe,  can  bear  teftimony  to 
the  happy  perfpicuity,  with  which  he  ar- 
ranges and  communicates  the  important  doc- 
trines upon  which  it  is  founded.  The  work 
would  have  appeared  fooner,  notwithftand- 
inçr  its  confiderable  magnitude,  if  my  ftate 
of  health  had  not  been  almoft  incelfantly 
broken,  fo  as  to  put  the  rapid  profecution 
of  bufmefs  out  of  my  power.  I {hall  there- 
fore detain  the  Reader  no  longer  with  any 
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preliminary  difcuffion  ; but  (hall  give  fome 
notices  of  the  principal  difcoveries  in  Che~ 
miftry,  made  fince  the  publication  of  thefe 
Elements. 

There  is  perhaps  no  fubjeft  in  the  ex  ten» 
five  range  of  the  fcience  of  Chemiftry,  on 
which  praftical  writers  are  lets  agreed  than 
they  are  on  the  nature  and  number  of  fimple 
bodies.  Fourcroy  admits  thofe  only  into 
that  clafs  which  have  relation  to  combuftion, 
while  a considerable  number  of  Chemifts 
include  amongft  them  all  thofe  which  can- 
not be  decompofed  or  reduced  to  their  con- 
stituent principles,  however  analogous  they 
may  be  to  bodies  which  are  known  to  be 
compounds.  Dr.  Thomfon,  of  Edinburgh, 
in  the  Remarks  on  Combuftion,  with  which 
he  favoured  me  for  publication  in  the  Journal 
of  Natural  Philofophy,  Chemiftry,  and  the 
Arts,  is  difpofed  to  reduce  the  number  of  the 
fimple  combuftibles  admitted  by  Fourcroy, 
and  to  exclude  gold,  filver,  and  mercury. 
His  reafons  are,  “ that  they  do  not  burn  in 
air,  how  high  foever  the  temperature  is  ; 
neither  do  they  detonate  with  red-hot  nitre, 
nor  exhibit  any  appearance  of  combuftion 
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in  oximuriatic  acid  gas  ; though  this  la  ft 

body  oxidates  them  with  great  rapidity.3' 

On  the  fubjefi  of  Light*  which  has  been 
very  concifely  treated  by  our  Author,  many 
excellent  memoirs  have  appeared  fince  the 
publication  of  his  Work,  or  with  which  he 
feems  to  have  been  unacquainted.  Among 
thefe,  Dr.  Hulmes  papers,  in  the  Philofo- 
phical  Tranfaftions  for  180©  and  1801,  on 
fpontaneous  and  imbibed  Light,  are  well  cal- 
culated to  elucidate  its  real  nature  and  pro- 
perties. One  of  his  obfervations  on  azote 
as  a fupporter  of  Light,  coupled  with  Dr* 
Thomfon's  on  the  fame  principle  as  a fup- 
porter of  combuftion,  fhould  induce  further 
refearches  into  the  qualities  of  this  gafeous 
body.  Dr.  Hülme  (hows  that  it  is  capable 
of  preferving  the  brilliancy  of  the  light 
emitted  by  fifhes,  and  in  fome  cafes  of  reno- 
vating it  when  nearly  expired:  Dr.  Thomfon 
obferves  that  it  is  the  hafe  of  four  out  of 
five  compound  fupporters  of  combuftion^ 
and  fufpefis  its  exiftence  in  the  fifth,  The 
ingenious  experiments  of  Dr.  Herfchell  on 
the  illuminating  powers  of  the  rays  of  light,, 
publilhed  in  the  Philofophical  Tranfaftiom 
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for  180O5  and  Dr.  Wollafton  s,  in  the  fame 
colleftion  for  1802,  on  the  refraftion  and 
difperfxon  of  lights  are  highly  interefting,  and 
tend  greatly  to  explain  the  nature  of  folar 
light. 


It  is  a queftion  which  cautious  Fhilofo- 
phers  can  by  no  means  confider  as  decided, 
whether  the  phenomena  of  heat  and  light 
be  caufed  by  the  prefence  of  fome  body  or 
bodies  poffefiing  peculiar  properties,— or  by 
certain  motions  to  which  moft,  if  not  all 
bodies,  or  their  parts,  are  capable  of  being 
fubjefted  ; or  in  other  words,  whether  heat 
and  light,  or  either  of  them,  do  confift  in  a 
peculiar  matter^  or  in  a motion,  either  of  the 
parts  of  bodies,  or  of  fome  generally  dif- 
fufed  fluid,  fuch  as  the  ether  of  Newton, 
&c.  Many  Chemifts  appear  to  have  pro- 
ceeded with  too  much  rapidity,  when  they 
have  confidered  light  and  heat  as  decidedly 
capable  of  entering  into  combination  like 
other  bodies,  and  of  being  difengaged  by 
the  a ft  ion  ol  the  affinities.  On  this  extern 
five  fuhjeft  it  is  impoffible  to  fay  much  on 
the  prefent  occafion.  The  doflrine  of 
iiglit  and  heat,  as  caufed  bv,  or  conhftm 
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of  vibratory  motions,  has  been  ftrongly 
fupported  by  the  late  experiments  and  ob- 
fervations  of  Count  Rumford,  in  the  Philo» 
fophical  Tranfaftions,  and  by  the  learned 
and  acute  difeuflions  of  Dr.  Thomas  Young* 
in  the  fame  colle&ion  ; and  Mr.  Henry,  in 
the  Manchefter  Memoirs,  voh  v.  has  given 
a detail  of  the  fafts  and  reafons  that  we  at 
prefent  poffefs  in  defence  of  the  oppofite 
opinion. 

The  effe£t  of  heat  on  bodies  in  the  liquid 
and  gafeous  ftate  has  been  very  accurately 
inveftigated,  and  many  new  fa61s  have  been 
eftablifhed.  The  ingenious  inveftigations 
of  Mr.  Dalton,  on  the  dilation  of  gafes 
and  vapours  are  inferted  in  the  Manchef- 
ter Memoirs,  v.  595,  and  in  various  commu- 
nications to  my  Journal.  The  conclufion 
he  draws  from  them  is,  that  all  the  gafes  are 
equally  dilatable  and  condenfable  by  change 
of  temperature  ; and  that  the  fame  refult  is 
applicable  to  vapour,  provided  the  tempe- 
rature be  fufficiently  elevated  to  counterafl 
its  tendency  to  return  to  the  liquid  (late. 
Experiments  on  the  fame  fubjeft,  and  pro- 
ducing'a fimilar  refult,  were  alio  fubfequently 
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made  by  Cit.  Guy  Luffac.  His  paper  is 
in  the  Annales  de  Chimie,  v.  43.  Mr.  Davy 
has  publifhed  a method  of  eftimating  the 
changes  of  volume  in  gafes,  which  removes 
the  necefiity  of  laborious  and  Complicated 
calculations.  It  will  be  found  in  the  Jour- 
nals of  the  Royal  Inftitution. 

Two  papers  on  the  conducing  power  of 
fluids,  have  been  transmitted  to  me  by  Mr* 
Murray,  of  Edinburgh,  and  areinferted  in  the 
Journal  of  Natural  Philofophy,  &c,  vol.  i. 
165—241  ; in  which  he  demonflrates  that 
heat  is  conduced  downwards  in  fluids,  and 
confequently  does  not  wholly  depend  upon 
the  motions  caufed  by  the  temperature  of  the 
lower  part  of  the  fluid  being  firft  heated,  and 
its  fpecific  gravity  being  fo  changed  as  to 
caufe  it  to  afcend,  as  was  fhown  in  the  ex- 
periments  of  Count  Rum  ford.  Hence  he 
concludes  that  fluids  are  real  condudlors  of 
heat.  The  fame  truth  was  alfo  eftablifhed  by 
other  very  acute  and  ingenious  experiments, 
by  Dr.  Thomfon,  and  likewife  by  myfelf, 
with  a different  apparatus,  both  which  are 
to  be  found  in  the  fame  Journal. 

The  exiftence  of  azote  in  the  natatory 
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vefTels  of  the  carp,  which  Fourcroy  points 
out  as  one  of  the  fources  from  which  it 
may  be  obtained  pure,  is  denied  by  Mr. 
Accum,  who  afferts  that  the  air-bladder  of 
the  living  fifh  is  filled  with  atmofpheric  air. 
Probably  thofe  examined  by  the  French 
Chemifi;  were  in  an  incipient  ftage  of  the 
putrefa&ive  procefs,  and  might  have  ex- 
perienced fuch  a change  from  that  caufe. 

An  opinion  of  Mr.  Harrup,  of  Chobham, 
refpefling  the  renovation  of  atmofpheric  air 
deferves  to  be  noticed  in  this  place.*  He 
confiders  the  oxigen  emitted  by  vegetables 
to  be  inadequate  to  fupply  the  quantity 
confumed  in  the  various  operations  of  na- 
ture, which  depend  on  its  abforption  ; and 
that,  from  the  circumftance  of  its  being 
equally  diffufed  over  every  part  of  the 
globe,  it  mud  have  a fource  equally  exten- 
five,  which  is  not  the  cafe  with  vegetables, 
thefe  being  limited  to  a very  fmall  portion 
of  the  whole  furface.  Fie  is  of  opinion  that 
a direfi  chemical  affinity  exifts  between  azote 
and  oxigen,  and  that  water  is  the  fource 
whence  this  vital  principle  is  abforbed, 

* Philofophical  Journal,  v.  184, 
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and  he  relates  an  experiment  in  which  nitrogen 
gas  confined  over  water,  and  expofed  to  the 
open  air,  acquired  an  increafe  of  volume  of 
nearly  one-fifth  of  the  whole,  and,  on  exa- 
mination, exhibited  all  the  properties  of  at- 
mofpheric  air.  This  fubjeÊl  is  worthy  of  fur- 
ther inveftigation. 

The  combination  of  hidrogen  with  metals, 
which  has  been  frequently  fpoken  of  by 
Chemifts,  as  poffible,  and  of  the  exiftence  of 
which,  inftances  have  been  cited  by  moft  of 
them,  without  any  afiual  examination  of 
the  compound,  has  given  birth  to  a Memoir 
of  Profeflbr  Tromfdorff,  inferted  in  the  Pro- 
ceedings of  the  Royal  Academy  of  Berlin, 
on  the  Chemical  analyfis  and  properties 
of  arfeniated  hidrogen  gas.  In  this  paper 
the  production,  properties,  and  decompo- 
fition,  of  the  compound  are  inveftigated, 
and  its  habitudes  with  other  bodies  are  ftated 
with  precifion. 

The  combination  of  phofphorus  and  car- 
bon, which  is  ftated  by  Fourcroy  not  to  be 
yet  known,  is  fhown  by  Cit.  Steinacher,  in 
the  Annales  de  Chimie,  xlvii.  97,  to  exift  in 
every  cafe  in  which  phofphorus  is  produced. 
He  contends  that  it  is  impoftible  to  free  it 
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wholly  from  the  charcoal,  and  that  what  has 
hitherto  been  confidered  as  pure  phofpho- 
rus, is,  in  fafl,  a fort  of  gangue,  or  phof- 
phuret  of  carbon.  The  fame  Che  mi  ft  alfo 
notices  a new  compound  of  phofphorus  and 
oxigen,  which  he  denominates  white  oxide 
of  phofphorus  at  the  minimum.  Its  produc- 
tion and  properties  are  different  from  the 
white  oxide  ufually  formed  by  the  a£Hon  of 
water,  which  he  calls  white  oxide  of  phof- 
phorus, at  the  maximum . 

Dr.  Thomfon  has  bellowed  much  pains  in 
the  inveftigation  of  the  properties  offulphur 
and  its  three  dates  of  combination  with  oxi- 
gen. His  excellent  paper  on  this  fubjeft  is 
inferted  in  the  Journal  of  Natural  Philo- 
fophy,  &c.  vol.  vi.  92;  and  affords  a com- 
prehenfive  view  of  the  two  combinations  of 
thefe  bodies,  which  have  been  but  inaccu- 
rately treated  on  by  former  writers,  namely, 
the  fulphurous  acid  and  the  oxide  of  fal- 
phur.  The  fulphuric  acid  has  been  already 
fo  well  defcribed  as  to  make  any  new  ana* 
lyfis  unneceffary.  From  the  wellcondufted 
experiments  he  has  made  on  the  other  two, 
it  refaits  that  fulphurous  acid  is  compofecj 
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of  68  fuîphur,  and  32  oxigen,  in  the  100 
parts  ; and  that  the  oxide  of  fulphur  con- 
tains 97.6  fulphur,  and  2.4  oxigen.  In  the 
profecution  of  his  enquiries  he  obtained  an 
acid  hitherto  unnoticed,  which  proceeded 
from  the  action  of  the  oximuriatic  acid  on 
fulphur.  He  has  called  it  fulphurated  mu- 
riatic acid,  and  has  described  its  properties 
with  his  ufual  accuracy. 

The  theory  of  combuftion,  by  the  fame  Au- 
thor, has  been  mentioned  before.  He  admits 
the  merit  of  Layoifier’s  theory,  but  denies  that 
it  is  completely  fatisfaftory  ; nor  is  he  dif« 
pofed  to  allov/  that  the  combination  of  a 
body  with  oxigen  and  the  aft  of  combuftion 
are  the  fame.  In  reviewing  the  bodies  which 
occupy  the  attention  of  Chemifts,  he  divides 
them  into  three  claffes,  viz*  Copibuftibles, 
Supporters  of  Combuftion,  and  încombuf» 
tibles.  The  combuftibles  he  fub-divides 
into  fimple  and  compound  combuftibles,  and 
combuftible  oxides.  In  this  confifts  one 
eifential  point  of  difference  between  his 
theory  and  that  of  the  French  Chemifts; 
they  confider  oxides  as  bodies  already  burn- 
ed, either  wholly  or  in  part  ; he  confiders 
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them  as  bodies  capable,  in  fome  cafes,  of 
fupporting  cumbuftion,  and  then  denomi- 
nates them  partial  fnpporters.  The  fup- 
porters  of  combuftion  are  oxigen,  either 
alone,  or  united  to  fome  bafe  ; in  four  cafes 
of  which  defcription  out  of  five,  this  bafe, 
as  was  noticed  above,  is  azote.  In  all  cafes 
of  combuftion  a comhuftible  and  a fup- 
porter  mud  be  prefent,  and  the  compound 
formed  by  their  reciprocal  aflion,  wdiich  he 
«calls  a product  of  combuftion,  mull  be  water* 
an  acid,  or  a metallic  oxide  ; and,  according 
to  this  theory,  light  and  heat  mu  ft  be 
evolved.  This  Jaft  condition  diftinguifhes 
combuftion  from  oxigenation.  It  would  ex- 
tend this  fubjeft  too  far  to  enter  into  all  the 
points  of  difference  between  the  two  theories, 
it  will  be  fufficient  to  obferve  here,  that  he 
confiders  the  caloric  as  a component  part  of 
the  oxigen,  and  the  light  as  being  contained 
in  all  combuftibles  ; and  that  the  union  of 
the  difengaged  portions  of  thefe  bodies  dur- 
ing combuftion  produces  fire.  He  alfo  con- 
tends that  fire  may  be  produced  from  the 
aftion  of  partial  fupporters  with  incombuf- 
tibje  bodies,  and  proves  the  exiftence  of 
5 light 
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light  in  fome  of  the  earths  and  alkalis  ; the 
caloric  being  furn  idled  by  the  {apporter. 
This  procefs  he  calls  femi-combudion. 

With  refpeft  to  the  combuftion  of  metals* 
Profeffor  Tromfdorff,  in  his  Hidory  of  Gal- 
vanifm,  p.  122*  has  drown  that  they  are  com» 
budible  in  non-refpirable  gafe$5  by  means  of 
the  Galvanic  fpark. 

In  the  Philofophical  Tranfaflions  for 
1802*  is  a paper  of  Mr.  Chenevix,  on  the 
• Muriatic  Acid,  and  its  combination  in  the 
three  dates  of  fimple,  oxigenized,and  hyper* 
oxigenized  muriatic  acid*  After  dating  the 
labours  of  former  Chemids,  and  the  refaits  of 
his  own  experiments,  he  hedtates  on  the  pro- 
priety of  confidering  muriatic  acid  as  a 
compound  of  oxigen  with  the  muriatic  ra- 
dical, or  as  a compound  of  which  oxigen  is 
one  of  the  component  parts  ; he  feems  in- 
clined to  believe  that  what  is  called  muriatic 
acid,  is  really  the  radical,  and  that  the  oxi- 
genized and  hyper-oxigenized  acids  fhould 
be  called,  in  conforinitv  with  the  received 
nomenclature,  muriatous  and  muriatic  acids* 

A fimilar  obfervation  is  made  by  Cit. 
vJuraudau,  in  a Memoir  on  the  Nature  and 
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New  Properties  of  Prulïic  Acid,  inferted  in 
the  Annales  de  Chimie,  xlvi.  148.  He  is  of 
opinion  that  what  is  commonly  called 
Pruffic  Acid  Gas,  is  only  the  Pruffic  Ra- 
dical, and  propofes  to  call  it  Pruffire.  Dr„ 
Schaub,  of  CafTel,  gives  a new  method  of 
obtaining  Pruffic  acid,  in  a (late  of  abfolute 
purity,  by  diftiliing  a mixture  of  two  parts 
of  Pruffian  blue,  one  of  fulphuric  acid,  and 
one  of  water, 

ProfelTor  Tromfdorff  has  publifhed,  in 
VanMons’s  Journal  de  Chimie  et  de  Phy- 
fique,  p.  213,  an  account  of  a new  fpecies 
of  gas,  confifting  of  carbon,  hidrogen,  and 
phofphorus.  He  calls  it  Phofphorated  Car- 
bonated  Hidrogen  Gas,  and  promifes  ad- 
ditional details  as  to  its  nature.  His  expe- 
riments on  arfeniated  hidrogen  g^is  have  been 
already  noticed. 

Profeffor  Proulls  Obfervations  on  Oily 
Hidrogen,  which  he  obtained  from  the 

o 3 

diftillation  of  olive  oil,  is  to  be  found  in  the 
Journal  de  Phyfique,  Germinal,  An.  xi.  He 
throws  confiderable  light  on  the  intimate 
nature  of  vegetable  oils,  and  on  the  effefls 
produced  in  them  by  heat, 

Vol,  I. 
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In  Van  Môns’s  Journal  is  a Memoir  of 
Ekeberg,  on  the  properties  of  yttria  com- 
pared with  thofe  of  glucine. 

The  properties  of  the  fo  called  Aguftine 
Earth  are  defcribed  by  Tromfdorff  in  the  An- 
nales de  Chimie,  xxxiv.  i 33,  and  the  procefs  for 
feparatingit  from  its  native  combinations  was 
publifhed  by  Coetling,  in  a work  entitled 
Praffifcbe  Anleitung  zur  zerlegenden  Chimie . 
Its  analyfis  is  to  be  found  in  Accum’s  Prac- 
tical Analyfis  of  Minerals,  juft  publifhed. 
Later  experiments  by  Vauquelin,  and  by 
Chevenix,  have  fliown  that  it  is  merely  phof- 
phate  of  lime.* 

Tromfdorff  has  (hown  the  method  of 
cryftallizing  lime.  It  is  inferred  in  the  Jour- 
nal der  Pharmacie,  vol.  ix.  parti,  p.  108. 

Mr.  Chenevix  has  made  foitie  very  inte- 
refting  experiments  on  the  chemical  affinities 
of  the  earths  for  each  other.  They  are 
contained  in  a Memoir  in  the  Philofophical 
Tranfaftions  for  1802.  He  takes  occafion 
in  it  to  controvert  Berthollet’s  pafition,  that 
the  energy  of  chemical  affinity  is  governed 
by  the  mafs  of  the  decompofing  fubftance. 

* Philofophical  Journal,  vii.  11 S. 
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Mr.  Chenevix's  experiments  on  oxigenized 
and  hyper-oxigenized  muriates  have  been 
noticed  above.  Thofe  of  Cit.  Robert  on 
the  inflammation  of  combuflible  bodies* 
combined  with  fur-oxigenated  muriate  of 
pot-afh,  by  contafl  of  fulphuric  acid*  are 
inferted  in  the  Annales  de  Chimie*  Frimaire* 
An.  xi.  They  are  accompanied  by  remarks 
and  new  experiments  made  by  Citizens 
Cadet  and  Boullay.  The  refults  are  very 
interefting,  and  the  profecution  of  the  en- 
quiry feems  likely  to  lead  to  the  difcovery 
of  feveral  new  fafts*  refpefting  the  intimate 
nature  of  combuflible  bodies. 

Mr.  Funcke*  apothecary,  at  Lintz*  in  Ger- 
many* has  publifhed  in  Scherer’s  Journal*  ix* 
59,  a new  method  of  preparing  phofphate 
of  foda*  which  feems  preferable  to  that  now 
in  ufe.  It  conflits  in  faturating  the  excefs 
of  lime  in  calcined  bones*  with  dilute  ful- 
phuric acid.  The  remaining  phofphate  of 
lime  is  then  diffolved  in  nitric  acid*  to  which 
folution*  fulphate  of  foda  is  added,  and  the 
nitric  acid  is  recovered  by  diftillaüon.  The 
phofphate  of  foda  is  then  feparated  from  the 
fulphate  of  lime  by  affufion  and  cryftallj- 
zation. 
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In  the  clafs  of  metals  feveral  difcoveries 
of  great  importance  have  been  made.  Mr. 
Ekeberg  has  announced  a new  metal  which 
he  extrafted  from  the  gadolinite,  arid  from  a 
mineral,  to  which  he  propofes  to  give  the 
name  of  yttro-tantalite,  from  its  containing 
the  new  earth  yttria,  as  well  as  the  metal 
which  he  calls  Tantalium.  The  method  of 
obtaining  the  metal,  and  its  phyhcal  and 
chemical  properties,  are  inferted  in  the  Jour- 
nal of  Van  Mons,and  copied  into  the  Journal 
de  Phyfique,  Iv.  281* 

Mr.  Hatchett  has  alfo  added  a new  acidi- 
fiable  metal  to  thofe  before  known,  which 
lie  has  named  Columbium.  His  paper  is  in 
the  Philofophical  Tranfadhons  for  1802. 
The  mineral  from  which  it  was  extrafted, 
came  from  the  mines  of  Maffachufetts,  in 
North  America.  It  has  not  yet  been  obtained 
in  its  metallic  flate. 

Another  fubftance  has  been  announced  in 
the  London  Journals,  which  is  defcribed  as 
a new  noble  metal,  under  the  appellation  of 
Palladium,  but  as  its  owner  has  not  thought 
proper  to  publifh  the  details  of  its  hiftory 
it  refis  at  prefen t wholly  on  his  credit  ; at 
the  fame  time  it  Is  but  jufiice  to  him  to  fay, 
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that  he  has  fubmitted  it  to  the  tefl:  of  expe- 
riment, and  has  depofited  a fum  of  money 
(twenty  pounds)  in  the  hands  of  the  vendor, 
to  be  paid  to  any  Chemift  who  fucceeds  in 
making  a fimiiar  metal,  by  uniting  any  of 
thofe  we  already  poflefs  ■;  Charles  Hatchett* 
Efq.  F.  R.  S.  and  Edward  Howard,  Efq. 
F.  R.  S.  have  contented  to  join  myfelf  in 
the  award  of  this  prize*  refpefting  which 
fee  the  Philcfophical  Journal,  vii.  75*159. 

The  reduction  of  the  oxide  of  titanium  to 
the  metallic  ftate,  which  has  hitherto  been 
attended  with  much  difficulty,  has  been  ac- 
compliffied  by  Profeffor  Lampadius,  by 
means  of  charcoal  only.  His  procefs  is  in- 
ferte-d  in  Scherer’s  Journal,  ix.  49—72.  The 
oxide  he  operated  on  was  that  obtained  from 
the  dccompofition  of  gallate  of  titanium,  by 
pot-afh  or  foda. 

Doubts  have  exifled  among  Chemifts  of 
the  firlf  abilities,  refpefting  the  magnetic 
properties  of  nickel  and  cobalt.  Many  have 
been  of  opinion  that  this  quality  was  com- 
municated by  a fmarll  portion  of  iron,  which 
could  not  be  wholly  feparatcd  from  them. 
In  this  number  was  Mr.  Chenevix,  who 
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made  fever  a!  experiments  to  free  nickel  front 
iron,  and  thought  he  had  fucceeded  by 
fhowing  that  its  magnetic  properties  were 
loft,  but  he  has  fince  found  reafon  to  change 
his  opinion,  and  in  a paper  which  he  per- 
mitted me  to  publifh  in  the  Journal  of 
Natural  Philofophy,  &c.  vol.  iiL  286,  he  has 
made  it  appear  that  the  lofs  of  the  magnetic 
properties  was  to  be  attributed  to  the  prefence 
of  arfenic.  It  might  be  a fubjebt  worthy 
the  attention  of  experimental  Chemifts,  to 
enquire  if  arfenic  has  the  fame  effebi;  on  iron, 
or,  if  not,  what  are  the  differences  in  the  qua- 
lities of  the  metals,  which  admit  of  that  in- 
fluence in  the  one  cafe,  and  not  in  the  other. 

' The  experiments  and  obfervations  of  Mr. 
Howard,  on  ftony  and  metalline  fubftances, 
faid  to  have  fallen  on  the  earth,  and  on  native 
iron,  inferted  in  the  Philofophical  Tranfac- 
tions  for  1802,  have  placed  this  fuhjeft  in 
a new  light.  The  existence  of  native  iron, 
which  is  ftill  difputahle  as  an  ore,  feems  to 
have  been  at  length  eftablifned  on  a founda- 
tion reconcileable  to  the  acknowledged  truths 
of  philofophy. 

Many  new  ores  of  metals  have  alfo  been 
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difcovered  indifferent  countries.  Proud  has 
announced  in  the  Journal  de  Phyfique,  Plu- 
viofe,  An.  x.  a native  Sulphuret  of  Manga- 
nefe  ; and  Vauquelin  has  defcribed  in  the 
Bulletin  des  Sciences,  No.  55,  An.  x.  a Blue 
Oxide  of  Iron  ; and  in  Van  Mons’s  Journal 
de  Chimie,  he  has  mentioned  the  difcovery 
of  Chromate  of  Iron  in  abundance,  and  of  a 
neutral  Pbofphate  of  Iron,  in  France. 

The  experiments  of  Profeffor  Proud  on 
Native  and  Artificial  Sulphurets,  inferted  in 
the  Journal  de  Phyfique,  liii.  g2 , are  com» 
pofed  of  a detail  of  new  fafls  and  elucida- 
tions on  the  nature  of  thefe  compounds, 
which  will  be  read  with  the  mod  lively  in» 
tered. 

From  the  remarks  of  Thenard,  Bulletin 
des  Sciences,  No.  77,  it  will  be  feen,  that 
two  fpecies  of  acetite  of  lead  exid  ; the 
proportions  of  the  one  are,  oxide  of  lead,  58  ; 
acetous  acid,  26;  water,  16; — and  of  the 
other,  or  new  acetite,  oxide,  78  ; acid,  17  ; 
water,  5. 

In  the  Philofophical  Tranfa&ions  for  1803, 
Mr.  Smithfon  has  inferted  an  analyfis  offome 
calamines,  in  which  he  (hows  that  they  are 
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not,  as  has  been  before  believed,  pure  oxides 
of  zinc  ; but  that  carbonic  acid  enters  into 
their  compofition.  The  eleftrical  calamine, 
he  (hows  to  be  a combination  of  oxide  of 
zinc  and  quartz» 

A confiderable  progrefs  has  been  made  in 
the  application  of  chemical  knowledge  to 
vegetables,  and  many  interefting  memoirs 
have  been  produced  in  confequence. 

Among  thefe,  that  which  is  more  immedi- 
ately connefted  with  the  prefent  work  is,  that 
of  Profeffor  Prouft,  Journal  de  Phyfique, 
An»  xi.  on  the  Fecula  of  Green  Plants. 
In  it  he  refers  to  the  obfervations  of  Four- 
croy,  on  the  inaccuracy  of  former  writers, 
and  appears  difpofed  to  accufe  him  of  miff 
quotations  in  fome  inftances.  He  alfo  draws 
lèverai  inferences  on  the  nature  of  this  .ve- 
getable produft  which  do  not  accord  with 
the  opinions  of  our  author. 

Seguin  s Inquiries  concerning  Fermenta- 
tion, in  the  Bulletin  des  Sciences,  No.  7 5 ; 
and  Thenard’s  Memoir  on  the  Vinous  Fer- 
mentation, in  tiie  Annales  de  Chimie,  for 
June  laft,  differ  confiderably  from  the  theory 
of  I'  our  croy . The  former  confiders  the 
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prefence  of  faccharine  matter  as  unneceffary 
to  this  procefs*  and  the  latter  is  of  opinion* 
that  the  fermentefcible  caufe  is  of  an  animal 
nature. 

Two  new  procelfes  for  obtaining  the  pure 
gallic  acid  have  been  publifhed  : one  in 
Van  Mons's  Journal  de  Chimie*  by  Fiedler* 
direfts  the  precipitation  of  the  extractive 
matter  and  tanin  by  alumine.  The  other  is 
by  Schnaubert*  and  is  inferted  in  Tro mi- 
dor  IPs  Journal  der  Pharmacie*  voh  ii.  61. 
His  procefs  confifts  in  decornpoling  the  gai- 
late  of  lead  by  fulphuric  acid.  He  alfo  re- 
marks that  the  cryftallized  gallic  acid  is  ah 
terable  by  the  afiion  of  light  ; and  e recom- 
mends that  it  be  kept  in  its  liquid  (late. 

In  Animal  Chemiftry*  the  inveftigations 
and  refearches  of  experimentalifts  have  not 
been  lefs  fuccefsful. 

Trouffet*  in  a Memoir  on  Cutaneous  Aeri- 
form Tranfpiration*  Annales  de  Chimie*  xlv. 
73,  takes  a retrofpeft  of  the  inquiries  of  for- 
mer phyliologifts  on  this  fubjefi*  and  from  an 
analyfis  of  the  gas  emitted  by  the  (kin*  con- 
cludes* that  it  is  pure  nitrogen*  without  any 
mixture  of  carbonic  acid  gas. 
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Prouft,  in  a letter  to  Delametherie,  Journal 
de  Phyfique,  obferves,  that  the  urée,  as  ex- 
amined by  Vauquelin  and  Fourcroy,  was 
not  pure,  but  faturated  with  ammonia.  He 
directs  this  alkali  to  be  feparated  by  ful- 
phuric  acid,  and  fays  that  it  {till  contains  a 
refin  from  which  he  had  not  been  able  to 
free  it. 

A Paper  read  before  the  Royal  Society,  in 
Auouft  1802,  on  the  Analyfis  of  a Pul  mo» 
nary  Calculus,  by  Doftor  Crampton,  denies 
the  compofition  of  thefe  concretions,  as 
ftated  by  Fourcroy.  From  his  analyfis  it  ap- 
pears that  the  component  parts  are  carbo- 
nic acid,  37  ; lime,  45  ; albumen  and  water, 
18.  At  the  lame  time  he  admits  the  poffi- 
bility  of  two  fpecies  of  thefe  fubftances  being 
formed  in  the  lungs,  one  of  which  may  be 
phofphate  of  lime. 

The  chemical  nature  of- the  Humours  of 
the  Eye,  has  been  very  carefully  examined 
by  Mr.  Chenevix.  His  obfervations  are 
inferted  in  the  Philofophical  Tranfadlions 
for  1803.  Pie  found  the  component  parts 
of  each  of  them  to  be  the  fame,  but  thofç  of 
the  cryffalline  humour  differed  in  their  pro- 
portions 
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portions  from  the  other  two.  They  con- 
fided of  water,  albumen,  gelatine,  and  mu- 
riate of  foda,  but  he  could  not  difcover 
either  a phofphate  or  an  earth,  as  had  been 
formerly  dated. 

Since  the  publication  of  this  work,  a 
Memoir,  by  Fourcroy  and  Vauquelin,  has 
appeared  in  the  Bulletin  des  Sciences,  No. 
70,  in  which  they  thow  that  the  formic  acid 
is  a compound  of  the  malic  and  acetic  acids. 

In  the  Annales  de  Chimie,  xxxix.  xpg,  is 
a Memoir  by  Thenard,  on  the  Sebacic  Acid, 
in  which  he  contends  that  the  product  which 
had  formerly  been  examined  by  Chemids 
under  that  name,  was  not  the  peculiar  acid 
of  fat,  but  a foreign  acid,  which  in  fome  pro- 
cédés was  the  acetous  acid,  and  in  others 
the  muriatic.  He  gives  direflions  for  ob- 
taining the  true  febacic  acid,  and  defcribes 
the  peculiar  properties  of  it  with  accuracy. 
He  promifes  further  details  when  he  (hall 
have  operated  on  other  fafts  : the  only  one 
from  which  he  obtained  this  acid  was  hog's  - 
lard. 

Vauquelin,  in  a letter  to  Van  Mons,  in- 
fer ted  in  his  Journal,  i.  218,  lays,  the  lame 
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Chemift  had  juft  finiftied  an  examination  of 
the  zoonic  acid,  which  he  found  to  he  ace- 
tous acid  combined  with  a peculiar  animal 
matter. 

Several  new  Foftils  have  alfo  been  fub- 
je£ted  to  chemical  examination. 

Tromfdorff,  Crelfs  Chem.  Annalen,  i8oi, 
part  vi.  l.  has  analyfed  one  from  Greenland, 
which  he  names  Com  pa  Cl  Hyacinth.  Its 
component  parts  are  (ilex,  50  ; alumine,  28  ; 
oxide  of  iron,  6;  zircone,  10;  lofs,  6. 

A filiceous  ftone,  from  Egypt,  called  He- 
llotropium,  has  been  examined  by  Mr. 
Aecum,  Journal  of  Natural  Philofophy,  &c. 
confifting  of  filex,  73  ; alumine,  4.05  ; ox- 
ide of  iron,  5.85;  lime,  11.3  ; water,  4.8  ; 
lofs,  1. 

In  the  Memoirs  of  the  Royal  Academy 
of  Berlin,  for  1803,  p.  243,  is  an  eftay  by 
Klaproth,  on  the  Analyfis  of  a Fofiil,  which 
he  names  Natrolite,  from  the  quantity  of 
foda  it  contains.  It  yielded  him  filiceous 
earth,  48  ; alumine,  24.25;  oxide  of  iron, 
1.75;  foda,  16.50;  water  g. 

I he  arts  and  manufactures  have  derived 

material 


PREFACE. 


XXIX 


material  advantages  from  the  rapid  progrefs 
of  chemical  inquiry. 

In  the  Journal  de  Phyfique,  Vendémiaire, 
An.  xi.  the  younger  Darcet  has  given  a 
new  procefs  of  Refining,  in  which  time,  la- 
bour, expence,  and  lofs,  are  faved.  He 
proceeds  in  the  former  method  as  far  as  the 
fécond  folution  in  nitric  acid,  inftead  of 
which  he  direCts  the  gold  to  be  boiled  with 
fulphuric  acid,  in  as  fmall  a veffel  as  poffihle 
for  an  hour.  He  then  decants  the  acid  and 
wafhes  the  gold,  until  no  more  precipitate 
is  obtained  from  the  water  by  muriatic  acid 
or  alkalies.  The  gold  will  then  be  pure. 

Brongniart,  Journal  des  Mines,  No.  67, 
has  given  a number  of  interefting  faCls,  from 
his  own  experience,  on  the  production  of 
colours  from  metallic  oxides  in  the  manu- 
facture of  porcelain.  The  proceffes,  which 
have  been  kept  a fecret  in  the  manufactory 
of  Sevres,  are  difclofed  in  his  memoir,  and  a 
very  minute  detail  is  given  of  the  fpecies  of 
oxides  and  fluxes,  calculated  to  produce 
brilliant  and  durable  colours  on  the  three 
grounds,  viz.  enamel,  porcelain,  and  glafs. 

Mr,  Davy’s  experiments  on  Aftnngent 
* Vegetables, 
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Vegetables,  and  on  the  operation  of  Tan- 
ning, in  the  Philofophical  Tranfaftions  for 
1803,  yield  a confiderable  fund  of  informa- 
tion, He  infers,  from  the  refearches  he  has 
made,  that  leather  abforbs  extraftive  matter 
as  well  as  tanin,  and  that  the  qualities  of  the 
leather  are  affe6ied  by  it,  fo  as  to  render  it 
an  effential  ingredient  in  the  operation,  and 
that  the  various  folvents  which  have  been 
propofed  to  expedite  the  procefs  are  injurious, 

Berthollet  has  publifhed  in  the  Journal  de 
L’Ecole  Polytechnique,  iv.  319,  a method 
of  giving  the  Appearance  of  Cotton  to 
Hemp  or  Flax  ; in  which  he  a Herts  that  the 
produft  of  the  coarfefi  hemp  becomes  equal 
in  texture  and  appearance  to  cotton,  and 
propofes  to  make  even  the  refufe  of  rope- 
walks  into  a fub  fiance  valuable  in  the  arts. 

Curaudau’s  Procefs  for  fabricating  Alum 
artificially,  with  a profit  of  from  17' to  25 
per  cent,  more  than  by  the  old  proceffes,  is 
inferted  in  the  Annales  de  Chimie,  An.  ix. 
No.  137.  He  dire&saoo  parts  of  clay,  and  g 
of  common  fait,  to  be  kneaded  with  wTater, 
and  formed  into  loaves,  which  are  to  be  cal- 
cined in  a reverberatory  furnace.  The  loaves 
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are  then  to  be  reduced  to  powder,  and  one- 
fourth  by  weight  of  fulphuric  acid  poured 
over  them  at  intervals  to  difengage  the  mu- 
riatic acid.  The  operation  is  then  continued 
by  adding  water  at  intervals,  in  quantities 
equal  to  the  acid,  until  about  eight  or  ten 
times  as  much  water  as  acid  has  been  ufed. 
The  fluid  is  next  permitted  to  fettle,  and  the 
clear  lye  is  drawn  off  into  leaden  veflels. 

y 

A quantity  of  water  equal  to  that  drawn  off, 
is  then  poured  on  the  refiduum,  which  is 
afterwards  drawn  off  and  added  to  the  firfl. 
Laftly,  a folution  of  pot-afh,  in  which  the 
alkali  is  equal  to  one-fourth  of  the  weight 
of  the  acid,  is  added,  and  the  whole  is  agi- 
tated. As  the  liquor  cools,  cryftals  of  alum 
are  formed,  which  will  amount  to  three  times 
the  weight  of  the  acid  employed.  The  alum 
is  afterwards  refined  by  diflolving  it  in  the 
fmalleft  poflible  quantity  of  boiling  water. 
Sulphate  of  pot-afh  may  be  ufed  inftead  of 
the  pure  alkali,  but  in  that  cafe  the  quantity 
mud  be  double.  The  mother  water  ftill 
contains  alum,  with  fulphate  of  iron  much 
oxided,  and  is  recommended  to  be  tiled  in 
the  fabrication  of  Pruflian  blue. 
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I (hall  conclude  this  Preface  by  acquaint- 
ing the  Reader,  for  his  convenience,  that  mo  ft 
of  the  excellent  works  I have  here  referred 
to,  in  their  original  publications,  are  alfo 
to  be  met  with*  either  tranflated,  copied,  or 
abridged,  in  my  Journal.  By  giving  this 
notice,  I feel  no  folicitude  of  any  imputation 
of  perfonal  motives  in  thus  recommending 
my  own  work.  If  I have  done  my  duty  in 
felefting,  this  muft  naturally  be  the  cafe,  and 
the  Reader  will,  I hope,  be  accommodated 
by  being  reminded  of  it. 

W.  Na 


Soho  Square , March  1;  1 804. 
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JL  H E R E is  a progreffive  advancement  in  the 
intellectual  labours  of  man,  of  which  philofo- 
phy  is  calculated  to  mark  the  different  epochas, 
and  which  enables  us  to  form  a comparifon  be- 
tween each  fucceffive  age  with  regard  to  its 
advances  in  the  powers  of  reafon.  The  hifto- 
rians  of  Science  ufually  direCt  their  inquiries  to 
afcertain  thefe  epochas,  and  the  annals  of  the 
different  branches  of  knowledge  all  prefent  them, 
with  features  more  or  lefs  worthy  of  remark. 

Cherniftry  alone  feems  to  form  an  exception  : 
it  is  diftinguifhed  perhaps  much  more  from  all 
the  other  fciences  by  its  origin  and  by  the 
epochas  of  its  progrefs,  than  by  its  objeét,  its 
proceffes  or  its  refults.  It  is  perhaps  the  only 
fcience  which  is  intirely  of  modern  creation,  of 
‘ which  no  trace  is  to  be  found  in  ancient  times, 
and  which  does  not  exhibit  in  its  periods  that 
Vol.  I.  » b how 
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(low  progrefïion,  that  fucceffive  increafe  which 
the  obferver  may  difcover  in  every  other  branch 
of  human  knowledge.  It  is  in  vain  that,  by 
confounding  certain  rudiments  of  the  chemical 
arts  with  chemiftry.  itfelf,  in  which  the  chimeri- 
cal art  of  fabricating  gold  is  every  where  exhi- 
bited as  the  only  and  the  moil  important  of  its 
labours,  the  fir  ft  hiftorians  of  that  fcience  have 
placed  its  commencement  in  fabulous  times, 
more  early  than  even  the  heroic  ages,  and  traced 
its  exiftence  to  epochas  little  di fiant  from  thofe 
when  the  delirious  imagination  of  the  fir  ft  poets, 
and  the  pious  hélions  of  the  authors  of  certain 
religious  chronicles,  have  dared  to  fufpend  the 
eternal  march  of  nature,  and  fet  limits  to  its 
exiftence  by  fixing  the  creation  of  the  world. 

All  that  has  been  aller  ted  concerning  the 
ancient  origin  of  chemiftry,  concerning  thofe 
men  who  iirft,  worked  the  metals,  cut  and  po- 
li Ihed  the  hard  ftones,  fufed  the  fands  or  dif- 


folVed  and  cryftallized  the  faits,  mult  evidently 
appear  to  an  exact  and  fevere  inquirer  to  be  no 
more  than  a vain  and  ridiculous  pretenfion  ; 
similar  to  that  by  which  the  elements  of 
geometry  might  he  traced  in  the  rude  works  of 
the  fàvage  who  takes  the  fragments  of  rocks, 
and  gives  them  forms  nearly  regular,  to  adapt 


to  lus  .immediate^  wants.  Though  the  remains 
of  monuments,  majeltic  by  their  aftomlhing  di- 
men lions,  Hill  exift  in  fpite  of  the  outrages  of 
time  and  the  irifults  of  the  warlike  bords  of  every 
age,  and  at t eft  to  the  obferver  that  the  anci- 
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ent  inhabitants  of  Egypt,  of  Syria,  of  Paleftine, 
like  thole  of  certain  parts  of  India,  polfelfed 
the  arts  which  we  at  prefent  name  chemical  ; 
though  the  remains  of  their  temples,  of  their 
pyramids,  of  their  canals,  of  their  fculptures, 
are  fufficient  to  prove  that  thefe  people  fufed, 
dilfolved  and  alloyed  the  metals,  that  they  fa- 
bricated  glalfes,  enamels  and  cements,  of  dura- 
ble and  varied  colours  ; nothing  announces, 
notwithstanding  the  magnitude  and  number  of 
operations  which  thefe  remains  fuppofe,  that 
they  required  the  exigence  of  chemiltry  among 
thefe  nations  already  fo  induftrious  and  fo  en- 
lightened. There  are  opinions  which  place  the 
origin  of  this  fcience  in  the  firft  ages  of  the 
world,  and  confequently  among  the  learned 
people  of  antiquity  of  which  hiftory  compofes 
her  firft  pages  ; but  this  opinion  may  be  clalfed 
with  all  the  exaggerated  and  truly  fuperftitious 
notions  which  have  fucceeded  the  pretended 
occult  fciences,  divination,  oracles,  apparitions, 
fpirits,  aftrologv,  the  divination  by  numbers 
magic  and  numerous  other  follies,  which  are, 
in  the  eyes  of  the  philofopher,  noxious  produc- 
tions of  the  human  mind  ; as  the  poifon  of  {Ira- 
ni onium,  the  fungus  or  of  the  viper,  are  pro- 
ducts of  nature  no  lefs  than  the  role,  corn,  and 
the  ufeful  animals. 

The  love  of  the  marvellous,  the  delire  too 
frequently  reduced  into  a fyftem  of  finding  no- 
thing new,  and  of  placing  the  prefent  age  be- 
low every  other  with  the  prejudice  fo  common, 

b 2 though 
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though  fo  unreafonable,  of  meafuring  the  gran* 
deur  and  importance  of  an  occupation  by  its 
antiquity  and  its  long  uninterrupted  exigence, 
have  thus  contributed  to  place  the  fir  ft  dawn  of 
chemical  fcience  in  times  where  tradition,  mo- 
numents and  hiftory  are  equally  filent. 

Certain  enthufiaftic  writers  of  the  fifteenth 
and  fixteentli  centuries,  had  fcarcely  announced 
this  opinion  concerning  the  ancient  exiftence 
of  chemiftry,  when  it  was  quickly  repeated  in 
every  work,  returned  as  it  were  by  all  the  lite- 
rary echoes,  and  was  received  like  an  axiomatic 
truth.  There  does  not  exift  perhaps  a fmgle 
treatife  on  chemiftry,  of  which  the  firft  lines 
are  not  marked  by  this  affertion. 

But  if  we  examine  with  courage  and  without 
prejudice  all  the  proofs  which  have  been  united 
to  eftablifh  the  exiftence  of  chemiftry  among 
the  Egyptians,  after  having  carried  back  its 


origin  to  the  firft  ages  of  the  world  and  to  the 
firft  labours  in  which  men  employed  fire  as  an 
agent,  it  will  loon  be  difcovered  that  they  are 
merely  deduced  from  products  employed  in  their 
v anions  confit  méfions;  and  that  though  they  may 
all  announce  the  exiftence  of  arts  or  proceffes  of 
fabrication  more  or  lefs  advanced,  yet  they  dif- 
play  nothing  which  has  the  appearance  of  ge- 
neral inference  deduced  from  a companion  of 
thefe  arts, —nothing  which  depends  on  aconnecf- 
ed  feries  of  argument  or  induction,—  nothing 
m a word  which  can  give  a fmgle  idea  of  true 
icience  ; ftiil  however  their  monuments,  their 


ceremonies, 
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ceremonies,  their  folenmities,  their  worfhip, 
their  political  and  their  civil  ufages,  all  indicate 
that  this  people  then  poffeffed  a knowledge  of 
aftronomy,  geometry,  general  phyfics,  natural 
hiftory  and  medicine.  The  revolutions  of  the 
planets  were  painted  and  defcribed  on  the  walls 
and  ceilings  of  their  temples  ; mechanical  Ici- 
ence  afforded  them  the  means  of  tranfporting 
immenfe  burthens  to  confiderable  diftances  and 
heights  ; geometry  guided  them  in  the  con- 
ffruction  of  aqueducts,  and  the  canals  of  irriga- 
tion ; the  nilometer,  conftructed  on  an  accurate 
knowledge  of  machines  and  of  levels,  was  ele- 
vated in  the  midft  of  the  waters  to  announce 
what  might  be  expected  in  the  productions  of 
the  foil  to  which  the  river  gave  fertility  ; the 
culture  of  the  ground  was  varied,  regular,  and 
indicated  the  early  occupation  of  that  foil  ; 
medicine  was  practifed  by  the  priefts  ; aftrono- 
my, geometry  and  mechanics  had  made  a pro- 
grefs  which  fuppofed  oblervations  already  nu- 
merous and  the  eftahli finirent  of  fcientific  prin- 
ciples. Though  no  fenftble  traces  now  remain 
of  their  having;  eftablifhed  divilions  and  metho- 
dical  claffifi cat  ions  in  the  productions  of  nature, 
the  care  which  the  Egyptians  had  of  certain 
plants  and  animals,  the  myftic  or  emblematical 
employment  which  they  made  of  them  in  their 
religion,  thew  at  leaft  that  they  paid  a particu- 
lar attention  to  them,  and  that  they  ftudied 
their  manners  and  their  properties.  But  nothing 
of  this  kind  exifts  with  regard  to  chemiftry  : 

there 
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there  was  then  no  real  connexion  between  the 
arts  and  fabrications  which  we  now  denominate 
chemical  and  ehemiftry  itfelf.  No  one  had  yet 
bufied  himfelf  to  deduce  general  notions  from 
the  comparifon  of  thefe  arts,  or  in  eftabliihing 
thofe  connexions  between  their  products  and 
their  reful ts  which  did  not  form  an  outline  of 
fcientific  theory,  till  a long  feries  of  ages  after 
the  almoft  total  deftruction  of  that  ancient  peo- 
pie.  The  Egyptian  ehemiftry  has  no  exiftence 
but  in  the  imagination  of  hiftorians,  and  it  is  a 
real  error  to  attempt  to  difeover  its  origin 
there. 

Among  the  emigrations  of  this  powerful  na- 
tion, in  the  colonies  which  founded  that  ingeni- 
ous and  polithed  nation,  which  placed  in  the 
fucceffion  of  ages  to  ferve  as  a model  to  every 
future  time  and  country  in  the  arts  of  imagina- 
tion and  of  tafte  among  thofe  Grecians  wdio, 
owing  their  firft  knowledge  and  origin  to 
Egypt,  have  aggrandized  thofe  arts,  and  given 
to  them  thofe  amiable  forms  which  will  ever 
adorn  them  among  thefe  we  feek  in  vain  for 
veftiges  of  the  exiftence  of  ehemiftry.  The 
Greek  philofophers  poflefted  all  the  fciences, 
which  they  have  cl  a tied  methodically  and  re- 
duced into  fyftem  ; they  taught  them  in  their 
public  fchools,  where  the  youth  of  greateft 
hope,  or  men  of  all  countries  who  wifhed  to 
cultivate  their  reafon,  came  to  obtain  lolid  in- 
ftruélion.  The  wife  Socrates;  Plato,  whole  vaft 
knowledge  procured  him  the  appellation  of  di- 
vine : 
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vine;  Ariftotle  whole  genius,  aided  by  the  ex- 
ten  five  means  of  Philip  and  of  Alexander,  have 
ever  appeared  to  designate  him  as  the  chief 
of  writers  on  the  natural  fciences  ; all  the  other 
philofophers  who,  by  the  generality  of  their 
ftudies,  the  grandeur  of  their  meditations  and 
the  profundity  of  their  views,  have  embraced 
every  fcience  ; morals,  politics,  legillation,  lo- 
gic, phylics,  the  hiftory  of  nature  and  of  man; 
thofe  h rft  encyelopedifts  who,  deprived  of  the 
hereafter  unperilhable  refource  of  printing,  fup- 
plied  its  want,  as  far  as  was  in  their  power,  by 
public  lectures,  have  left  us  without  informa- 
tion concerning  the  alterations  and  the  mutual 
changes  produced  in  one  body  by  another;— 
the  phenomena  of  chemiftry.  The  energy  of 
their  minds  was  not  fuilicient  to  deduce  the 
intimate  abiion  of  the  different  particles  of 
bodies  on  each  other  ; the  art  of  queftioning 
nature  by  experiment  cannot  be  ffated  as  part 
of  their  philofophy.  It  dates  much  later  : and 
fome  uncertain  lights,  the  mere  products  of 
imagination,  conltituted  in  thofe  celebrated 
ages  the  only  part  which  refembles  what  we 
now  call  chemiftry.  The  ideas  of  Epicurus,  of 
Thales,  of  Anaximenes  and  of  Anaximander,  as 
well  as  thofe  of  Plato  and  Ariftotle,  concern- 
ing the  principles  of  bodies,  the  elements,  fire, 
air  and  water,  can  only  be  reckoned  among  in- 
genious romances  no  lets  foreign  to  chemical 
fcience,  than  the  fictions  concerning  fabulous 
peifonages  are  foreign  to  hiftory.  Let  De- 
mocritus 
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mocritus  be  reprefented,  by  the  powers  of  fic- 
tion, as  fliutting  himfelf  up  in  a garden  near 
Abdera,  to  extract  the  juices  of  plants  ; where, 
in  order  to  meditate  with  more  vigor,  and  to 
avoid  all  diftradtion,  he  is  laid  to  have  volum 
tarily  deprived  himfelf  of  fight  : let  this  apo- 
cryphal trait  of  Grecian  hiltory  be  rendered  lefs 
improbable,  by  attributing  the  lofs  of  his  fight 
to  long  obfervations  on  light  and  objedfs  too 
luminous,  inltead  of  Hating  it  to  be  produced 
by  the  reflection  of  the  burning  rays  of  the 
fun,  returned  by  a furface  of  polifhed  brafs  : 
whatever  colour  may  be  given  to  this  pretend- 
ed fact,  cool  reafon  will  find  no  proof,  nor 
even  probability  that  this  philofopher  did  cul- 
tivate chemiftry.  No  fact  whatever  can  de- 
xnonftrate  that  this  fcience  exilted  in  Greece, 
while  every  thing  at  tells  the  high  degree  to 
which  geometry,  aftronomy,  medicine,  politics, 
natural  hiltory  and  mufic  had  there  arrived. 
Never  did  the  Lyceum,  the  Academy  or  the 
Portico  adopt  any  notion,  or  any  chemical  fact 
among  the  fciences  which  were  there  taught. 

Though  the  greater  part  of  tliefe  fciences 
paffed  from  the  Greeks  to  the  Romans,  who 
took  them  for  their  mailers  in  every  depart- 
ment, and  though  feme  of  them,  particularly 
aftronomy,  natural  hiltory  and  medicine,  made 
remarkable  progrefs  among  them  ; in  fpite  of 
the  preference  which  this  people  of  kings  and 
warriors  gave  to  eloquence  and  to  poetry,  it  is 
fill  impofnblé  to  find  in  ancient  Italy  the  cuh 
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tivation  and  confequently  the  origin  of  che- 
miltry. There  is  reafon  to  believe  that  cer- 
tain chemical  arts  which  at  that  time  exilted, 
were  exercifed  at  Rome  by  Grecian  artifts,  who 
were  invited  thither  as  well  as  fculptors,  paint- 
ers, architects,  mulicians,  and  even  the  mailers 
of  eloquence,  of  poetry  and  of  philofophy. 
The  pretended  difcovery  of  malleable  glafs  pre- 
fented  to  Nero  or  Tiberius,  would  at  molt  prove 
the  advanced  ftate  of  an  art,  but  by  no  means 
the  exiftence  of  true  chemiltry  among  the 
Romans. 

It  was  not  till  thofe  ages  when  the  Arabians 
cultivated  the  ufeful  fciences,  that  fome  hrft 
very  evident  traces  of  chemiltry  began  to  be 
feen.  The  multiplicity  of  medicines  which 
their  phyficians  introduced  into  practice,  the 
great  number  of  comportions  which  they  in- 
vented, the  complicated  preparations  which 
they  caufed  them  to  undergo  to  adapt  them  to 
the  difeafes  they  wilhed  to  combat  : fuch  was 
the  true  origin  of  that  fcience.  By  treating 
plants  and  animals  by  lire  and  water,  in  diltil- 
latory  velfels,  they  feparated  from  them  diffe- 
rent volatile  fubltances,  and  obtained  from  them 
products,  which  were  confiant  in  fimilar  cir- 
cmnltances,  and  varied  when  the  circumltances 
were  alfo  changed. 

After  this  period,  in  which  fugar,  honey,  the 
gums,  manna  and  the  refmous  juices  Regan  to 
be  employed  in  medicine  as  vehicles  or  reci- 
pients, or  as  particular  remedies,  the  formulæ 

of 
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of  their  mixture,  of  their  decomposition  or  of 
their  combination,  always  more  and  more  va- 
ried, afforded  a thoufand  opportunities  of  ob- 
ferving  and  describing  the  action  which  bodies 
are  capable  of  producing  on  each  other. 

In  the  fixteenth  century  Some  men  of  genius 
arofe,  who  discovered  in  the  art  of  preparing 
medicines  a .Series  of  general  principles  of  which 
they  attempted  to  form  a body  of  doctrine. 
Under  this  art,  in  itfelf  effentially  chemical  and 
very  general  in  its  proceffes,  an  arrangement 
was  fpeedily  made  of  all  thofe  other  arts  which 
conflit  in  varying  by  mixture  and  by  the  ac- 
tion of  heat,  of  air  and  of  water,  the  intimate 
properties  of  the  different  fubftances  which  ape 
Submitted  to  thefe  proceffes.  Comparisons  were 
made  between  the  medical  formulæ  and  the 
proceffes  for  treating,  fufing,  alloying  and  oxid- 
ing  the  metals,  their  combinations  with  Sul- 
phur, the  extraction  of  faits,  their  decomposi- 
tion and  the  acid  Spirits  of  various  Strengths 
which  are  obtained  from  them  ; the  vitrifica- 
tions, the  preparation  of  colours,  of  dyes  and 
of  perfumes,  arts  which  were  all  in  different 
de  grees  laid  under  contribution  for  the  prepara- 
tion of  medical  compounds.  This  is  the  true 
Source  of  the  intimate  connexion  of  chemiftry 
and  pharmacy,  of  the  common  fate  of  the  two 
occupations,  and  the  union  and  even  the  con- 
fufion  of  the  practice  of  each  in  the  fame  1 abo- 


il o ries  and  by  the  fame  operators. 

This  approximation,  this  kind  of  identity 


would 
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would  have  infallibly  continued  to  exilt,  and 
the  application  of  chemiftry,  completely  phar- 
maceutic would  have  been  irrevocably  fixed, 
if  an  event  of  great  importance  in  the  hiftory 
of  natural  fcience,  one  of  thofe  circumftances 
which,  bv  deeply  influencing  the  progrefs  of 
the  human  mind,  effed  a complete  renovation 
in  its  productions  and  in  its  difcoveries,  had 
not  intervened.  Without  this  event,  whatever 
the  ableft  men  could  have  done  would  have 
been  limited  to  conned  with  chemico-pharma- 
ceutic  fads  ali  the  prejudices  and  impofitions  of 
the  philolbphy  of  the  ancients,  and  thus  to  give 
a fcientific  form,  and  at  leaft  a fyftematic  ap- 
pearance to  the  principles  of  which  refaits  were 
conneded. 

After  the  long  fervitude  of  ages,  after  the 

heavy  yoke  of  the  peripatetic  dodrine  and  of 

the  ill-conceived  formulas  of  Ariftotle,  under 

• 

which  the  fchools  were  enflaved  and  the  fpirits 
of  men  held  captive,  at  length  appeared  the 
happy  days  prepared  by  Defcartes  and  Galileo, 
—when  thought  and  genius,  difengaged  from 
their  fetters,  rallied  on  to  new  conquefts.  In- 
(lead  of  darkening  by  commentaries  the  fre- 
quently disfigured  works  of  the  ancients  ; in- 
fiead  of  giving  fervile  belief  to  propofitions 
which  acquired  nothing  from  the  ages  through 
which  they  had  palled  but  the  habitude  of 
adoption,  philofophers  have  dared  to  dired 
their  regards  with  becoming  humility  and 
diffidence  to  the  profped  of  nature,  to  interro- 
gate 
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gate  her  phenomena  and  penetrate  the  fecret 
laws  of  things.  Obfervation  has  taken  place  of 
blind  and  confident  credulity.  The  grand  idea 
of  caufing  the  natural  forces  to  act  between  bo- 
dies brought  together  by  art,  and  to  determine 
their  exiftence,  diredtion  and  energy,  has  arifen 
as  if  from  nothing  ; the  experimental  art  ap- 
peared in  the  world  as  a new  creation  ; and  this 
ftar,  deftined  for  ever  to  illuminate  a v'aft  hori- 
zon, irradiated  a vivid  light,  hitherto  unknown 
to  the  fciences.  On  a fudden  natural  philofo- 
pliy,  which  before  this  time  had  been  only  the 
romance  of  nature,  became  its  faithful  inter- 
preter. Supplied  with  ingenious  machines  and 
inftruments,  it  added  this  new  power  to  the 
too  limited  efforts  of  genius  ; its  forces  were  re- 
doubled, as  the  lever  added  to  the  mufcles  of 
man  and  of  animals  multiplies  their  efforts.  A 
new  order  of  things,  a new  world  more  precious 
a thoufand  times  than  that  for  w hich  the  ancient 
world  is  indebted  to  the  difeovery  of  Chrifto- 
pher  Columbus,  was  prefented  to  philolophy. 
The  Boyles,  the  Newtons,  the  Mayows,  the 
Ilookes,  the  Stahls,  the  Hales  and  the  Boer- 
haaves,  then  travelled  from  difeovery  to  difeo- 
very ; and  far  from  deftroying  men,  from  de- 
populating vafl  continents,  and  kindling  in 
the  hearts  of  kings,  of  conquerors  and  of  ad- 
venturers the  thirfl  for  gold,  for  riches  and  for 
luxury,  as  the  difeovery  of  America  had  done, 
liais  experimental  world  acquired  the  mildeft 
conquefts,  multiplied  the  enjoyments  of  nations. 
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enriched  all  fociety,  and  eaufed  every  branch  of 
natural  philofophy  to  advance  with  the  moll 
rapid  progrefs. 

Chemiltry,  difpofed  by  its  nature  and  its  prê- 
te niions  to  a great  variability,  received  a part 
of  this  new  movement  ; it  was  no  longer  con- 
fined to  the  laboratories  of  pharmacy  ; it  was 
no  longer  limited  to  the  preparation  of  medi- 
cines. Tranfported  into  the  new  laboratories 
of  natural  philofophy,  it  approximated  itfelf  to 
this  renovated  fcience,  and  united  with  it  by 
an  indilfoluble  connexion,  it  became  one  of  its 
integrant  parts;  and  though  always  diftinguifh- 
ed  from  it  by  the  fubjeéts  which  it  treats,  by 
the  means  it  employs,  and  by  the  purpofe  to 
which  it  is  directed,  as  well  as  the  refaits  it 
obtains,  yet  its  diftincl  exifxcnce  was  well  afeer- 
tained;  and  at  length  it  acquired  a method  and 
views  fo  general  in  comparifon  with  the  con- 
fmed  fpliere  to  which  it  had  before  been  cir- 
cumfcribed  till  that  glorious  epoch,  that  the 
philofopher,  in  inquiring  into  its  true  place  in 
the  methodical  table  of  the  fciences,  affigned 
its  place,  under  the  name  of  particular  phy - 
fies,  immediately  after  the  leading  title  of  gene- 
red  phyjics. 

The  greateft  part  of  a century  of  uninter- 
rupted experiments  and  refearches  among  the 
moft  enlightened  people  of  Europe,  concerning 
the  chemical  properties  of  bodies,  after  chemif- 
try had  been  feparated  from  the  pharmaceutic 
art  which  for  fo  long  a time  retained  it  captive, 

had 
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had  nevertheless  proclaimed  it  aim  oft  in  vain 
as  the  Science  of  nature.  It  was  rather  by  a 
Sort  of  inftinct  or  of  divination  than  by  a de- 
cided refult.  In  vain  did  its  affociation  with 
experimental  philofophy  and  its  Newtomanilm 
elevate  it  to  an  height,  from  which  it  has  thrown 
light  on  the  production  and  alterations  of  mi- 
nerals, on  the  phenomena  of  vegetable  and  ani- 
mal life  and  on  the  Sciences  which  ftudied  its 
appearances  and  changes,  as  well  as  on  the  ma» 
nufadtures  which  modify  in  a thoufand  man- 
ners its  products.  Notwithstanding  aim  oft  a 
century  of  independent  existence,  its  reSults 
pofTefSed  little  accuracy,  its  data  were  too  in- 
complete, its  means  too  limited,  its  wants  and 
its  uncertainties  too  numerous,  and  its  progrefs 
in  the  road  of  experiment  too  uncertain  to  af- 
ford to  the  philofophy  of  nature  the  whole  that 
was  expected  from  it.  Aftonifhed  at  the  num- 
ber and  at  the  magnitude  of  the  obstacles  which 
oppofed  their  advances,  chemifts  were  ahnoft 
dilcouraged,  and  defpaired,  even  thirty  years 
ago,  of  ever  being  able  to  difeover  the  caufe 
and  the  relation  of  the  natural  phenomena  which 
were  become  the  Subject  of  their  inquiries  and 
the  aim  of  their  meditations.  Struck  myfelf, 
in  my  firft  chemical  Studies,  by  this  kind  of  dis- 
couragement, with  what  Sentiment  of  profound 
admiration  for  the  modern  difeoveries  do  I now 
recall  the  philofophic  complaints  of  my  Sir  ft 
mailers,  Macquer,  Roux  and  Bucquct,  concern- 
ing the  impossibility  of  discovering  the  origin 
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of  the  mineralization  of  waters,  of  the  fponta- 
neous  alterations  of  foffils,  the  caufe  of  fermen- 
tation, and  the  intimate  changes  of  many  bo- 
dies, of  the  phenomena  of  vegetation,  of  the 
motions  and  modifications  of  animal  fluids,  and 
of  a number  of  the  other  operations  of  nature, 
which  they  then  believed  to  be  covered  by  a 
veil  impenetrable  to  man  ! 

In  the  midft  of  thefe  immenfe  difficulties, 
from  the  depth  of  fruitlefs  and  difcouraging  ef- 
forts, what  a glorious  and  unexpected  fcene 
prefents  itfelf  to  my  recollection  Î An  event,  of 
an  importance  equal  to  that  of  the  difcovery 
of  the  experimental  art,  for  the  progrefs  of  the 
human  mind,  now  changes  the  face  of  chemif- 
try,  opens  to  a new  career,  and  elevates  it  in  a 
few  years  beyond  the  utmoft  hopes  of  philofo- 
phers.  In  1 757,  a light  being,  unknown  till 
that  time  by  chemifts,  invifible  to  them,  and 
incoercible  by  the  methods  and  the  machines 
which  they  employed  ; a fluid  which  had  a 
thoufand  times  prefented  itfelf  in  their  experi- 
ments, but  without  giving  them  till  this  time 
the  leaft  notion  of  its  prefence,  by  the  elaftic 
form  which  it  aflumed  and  which  concealed  it 
under  the  appearance  of  air  ; a body  perform- 
ing an  extenfive  part  in  the  molt  important 
phenomena  of  chemiftry,  was  difcovered  and  as 
it  were  extracted  from  that  non-exiftence  where 
it  had  remained  for  philofophers,  by  the  illuf- 
trious  Profelfor  Black  of  Edinburgh.  Simply 
obferved  thirty  years  before  by  Hales,  but  con- 
fide red 
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fidered  as  an  air  capable  of  being  fixed,  it  was 
’ fhewn  by  Black  to  be  the  caufe  of  many  pheno- 
mena yet  unexplained,  and  was  carefully  diftim 
guiihed  from  common  air.  It  then  became,  by  its 
remarkable  properties,  the  fubject  of  a thoufand 
new  refearches.  Three  luftra  had  fcarcely  elapfed 
fince  the  difcovery  of  Black,  before  this  new 
being  became  better  known  than  the  greater 
number  of  the  ancient  bodies  ; its  hiftory  is  al- 
ready more  complete  than  theirs  ; its  influence 
on  the  knowledge  of  chemical  phenomena  is  al- 
ready immenfe.  It  has  deftroyed  a great  many 
ancient  opinions  which  were  grofsly  erroneous; 
it  has  emitted  a thoufand  new  lights  ; it  ex- 
plains a number  of  obfcure  fa6fs  ; and  in  par- 
ticular it  has  conducted  to  the  knowledge  of 
many  other  beings  which,  fimilar  to  itfelf  by 
their  rare  and  gafeous  form,  having  been  con- 
cealed under  that  form  from  chemifts,  and  he- 
xing therefore  wanting  to  the  explanation  of 
experiments  which  had  till  then  been  made,  as 
well  as  to  the  calculation  of  the  products,  have 
left  the  fcience  in  that  vague  and  uncertain 
fiate  of  which  philofophers  have  complained, 
and  which  with  fome  juftice  they  feemcd  to  at- 
tribute to  the  jealous  concealment  of  nature. 
Then,  and  under  the  aufpices  of  thefe  difcove- 
ries  concerning  the  elaftic  fluids,  the  compofi- 
tion  of  air  and  its  influence  on  the  phenomena 
of  nature  and  of  art,  it  was  that  Lavoifier  faw 
that  all  the  ancient  data  of  chemiftry  were  fet- 
tered with  errors  originating  in  our  ignorance 
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of  gafeous  matters,  which  were  always  loft  to 
chemifts.  He  perceived  that  it  was  neceffary 
to  give  a new  form  to  its  whole  theory  more 
fuitable  to  truth,  as  well  as  to  new  model  its 
inftruments  and  apparatus.  Genius  elevated 
and  truly  creative,  courage  to  furmount  all 
the  obftacles  which  were  fure  to  be  met  with, 
fkill  to  perform  the  molt  delicate  experiments 
which  had  yet  been  made,  precifion  and  deli- 
cacy in  the  obfervation  of  phenomena,  fevere 
and  geometrical  reafoning  in  the  comparifon 
of  refults,  views  no  lefs  profound  than  extended  ; 
— thefe  were  the  qualities  poffelTed  by  Lavoifier, 
a man  fully  equal  to  operate  the  reform  which 
he  meditated,  and  to  produce  a grand  révolu* 
tion  in  the  fcience.  He  undertook  and  com- 
pleted it  by  the  uninterrupted  labour  of  fifteen 
years.  He  repeated  the  principal  experiments 
of  chemiftry  with  new  inftruments,  and  by 
proceftes  adapted  to  enable  him  more  efpecially 
to  difcover  the  action  and  the  influence  of  flu- 
idifiable  bodies,  which  fo  long  had  eluded  the 
fight  as  well  as  the  difcernment  of  philoso- 
phers. The  doubts  of  philofopliy  during  fome 
years  fufpended  the  fate  of  this  grand  reform 
in  uncertainty;  the  new  propofttions  of  Lavoi- 
fier were  examined  with  deliberation,  weighed 
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with  prudence  and  proved  by  mature  and  long 
reflection.  It  was  adopted  at  laft  by  the 
French  chemifts,  who  foon  became  his  co-ope- 
rators and  inftituted  a new  doélrine  which  has 
been  denominated  the  Pneumatic  Chemljlry , 
Vo  Lr  I.  c on 
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on  account  of  its  origin  in  the  knowledge  of 
air  and  of  fluids  which  refemble  it  in  their 
form.  The  author  of  a revolution  fo  great  and 
fo  fortunate  for  the  progrefs  of  the  human 
mind  was  entitled  to  the  refpect  and  admiration 
of  his  contemporaries,  and  will  furely  obtain 
that  of  pofterity.  He  deferved  an  altar,  but 
the  crimes  of  men  devoted  him  to  the  fcaffold. 
His  fate  was  that  of  Socrates,  of  Phoeion,  and 
fo  many  other  victims  of  their  virtue  and  of 
their  love  for  truth. 

A witnefs  to  this  renovation  of  the  fcience,  to 
which  I nave  contributed,  during  twenty-fix 
years,  as  far  as  my  feeble  efforts  have  permitted 
me,  1 have  beheld  chemiftry  enriched  by  a' 
number  of  new  facts  and  capital  difcoveries, 
proceed  at  length  with  an  affured  ftcp  in  the 
explanation  of  the  molt  enlarged  phenomena  of 
nature,  Ï have  beheld  it,  no  longer  confined 
to  the  mere  laboratories  of  the  arts,  extend  itsf 
rapid  flight  to  the  fablimeft  heights  of  philofo- 
phv  ; and  p induing  paths  till  then  unknown, 
extend  its  light  to  operations  of  nature  formerly 
regarded  as  impenetrable  myfteries.  Placed  for 
ever  in  this  elevated  rank,  rich  with  all  its  newt 
conqueft-s,  with  fcarcely  any  further  obftacles 
or  difficulties  to  be  apprehended  in  its  inquiries, 
it  is  become  at  the  fame  time  the  fcience  mo  ft 
adapted  to  the  fublime  fpeculations  of  philofo- 
phy,  and  the  moft  ufeful  in  advancing  all  the 
operations  of  the  arts.  Exact  in  its  proceflcs, 
fare  in  its  refaits,  varied  in . its  operations, 

abound- 
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abounding  with  refources  from  its  inftruments, 
its  apparatus  and  its  inodern  manipulations, 
without  limit  in  its  applications  and  its  views, 
fevere  and  geometrical  in  its  reafonings,  there 
is  fcarcely  any  human  occupation  which  it  does 
not  enlighten,  and  upon  the  perfection  of  which 
it  may  not  have  a great  influence.  This  fcience 
attends  the  mineralogift  and  the  geologift  in 
the  bofom  of  the  earth  and  on  the  fummits  of 
the  mountains,  to  develop  the  nature,  the  com- 
pofition,  the  changes,  frequently  even  the  origin 
as  well  as  the  future  fate  of  the  different  beds 
of  the  globe  and  of  the  foffils  of  which  they 
are  formed.  Occupied  in  the  examination  of 
vegetable  productions  and  of  the  periods  of  the 
life  of  plants,  from  the  ftrft  germination  to  the 
formation  of  the  ligneous  fubftance,  it  opens 
to  the  botanift  and  the  agriculturift  a treafure 
of  difcoveries  and  of  profpedts  adapted  to  ex- 
plain the  fecret  of  vegetation.  Applied  as  it  has 
been  with  unparalleled  fuccefs,  efpecially  during 
the  laft  fifteen  years,  to  the  analyfis  of  liquid 
and  folid  animal  matters,  it  at  laft  affords  the 
hope,  fo  many  ages  given  up,  of  conceiving  the 
phenomena  and  even  the  fources  of  life,  by  the 
happy  explanations  which  it  has  began  to  give 
concerning  numerous  points  of  phyfiology. — -It 
throws  a new  light  on  all  the  great  changes  of 
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the  atmofphere,  on  the  fluids  which  traverfe  it, 

. which  become  diifolved  or  are  precipitated  and 
perpetually  modify  their  properties  and  the  in- 
fluence upon  all  the  beings  which  people  the 
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earth.— From  thefe  grand  occupations,  this 
eompfehenfive  fcicnce  defcends  to  every  re- 
fidence  of  the  arts,  where  it  changes  the  form 
and  the  qualities  of  the  productions  of  nature 
to  appropriate  them  in  a thoufand  manners  to 
our  wants  ; it  teaches  us  to  choofe  the  earths 
proper  for  pottery,  for  vitrification,  cements, 
and  mortars,  the  hones  ufeful  indifferent  build- 
ings, for  cutting,  polifhing,  and  for  ornament  ; 
it  explains  the  multiplied  liâtes  of  the  metals  in 
their  earth v beds;  it  teaches  the  art  of  extrafit- 
ing  them  from  their  ores,  of  fufmg,  of  purify- 
ing, of  alloying,  of  diffolving,  of  oxiding,  and 
of  cauling  them  to  allume  durable  colours. — - 
Among  the  numerous  means  of  preparing  the 
different  products  of  vegetables  for  our  dwel- 
lings, our  machines,  our  clothing,  our  food, 
and  our  medicine,  it  is  chemiftry  alone  which 
direfits,  varies,  improves,  and  even  creates  at 
pleafure. — Its  procèdes,  applied  to  the  Heins  of 
animals  of  every  kind  as  well  as  to  the  different 


liquids  which  they  afford,  appear  to  extrafit, 
even  from  the  bofom  of  death,  products  deltined 
to  fupport,  to  recall,  and  to  embellilh  life.— 
dims  it  is  that  no  objefit  can  efcape  this  happy 


fcience  ; its  influence  is  no  lels  extenlive  in  lb- 
cietÿ  than  the  numerous  facts  it  includes,  arid 
the  opportunities  of  applying  its  precepts  are 
multiplied.  As  it  bellows  enjoyment  to  every 
clafs  of  individuals  ; as  it  is  of  abfolute  necef- 
uty  in  the  greater  number  of  profeffions;  as  it 
is  formed  to  illuminate  aim  oft  every  fpecies  of 
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human  knowledge  ; what  fcience  can  be  better 
entitled  to  be  called  the  univerfal  fcience  ? 

This  truth  is  already  fo  extenuvely  eftablifhed, 
that  the  ftudy  of  chemiftry  has  become  much 
more  general  than  it  ever  has  been,  even  during 
the  laft  twenty  years  of  the  laft  century.  Every 
man  who  receives  a liberal  education,  at  prefent 
confiders  chemiftry  as  one  of  the  moil  indifpen- 
fahle  objects  of  his  ftudy.  Difen  gaged  from 
the  chimerical  and  ridiculous  notions,  which  fo 
long  repreffed  every  candid  inquirer,  liberated 
at  length  from  the  prejudice  which  for  fo  many 
years  confidered  it  only  as  a branch  of  medi- 
cine, and  confounded  it  with  pharmacy,  it  is 
now  cultivated  by  almoft  every  clafs  of  fociety. 

,fj 

In  the  numerous  fchools  of  inftruclion  which 
have  been  eredted  throughout  the  Republic,  the 
philofoplier,  the  legit! ator,  the  minifter,  the  na- 
tural i ft,  the  phyfician,  and  the  cultivator,  arc 
affociated  with  the  manufacturer,  the  workman, 
the  painter,  and  the  dyer.  The  civil  and  mi- 
litary engineer,  the  artillerift,  and  the  feaman, 
there  attend  together  to  the  fame  mailers  who 
inftruct  the  p radii  fer  of  pharmacy,  the  diftiller, 
and  the  perfumer.  In  a word,  all  deferiptions 
of  men  there  obtain  accurate  and  ufeful  notions 
of  their  different  kinds  of  employment,  becaufe 
it  is  equally  impoifible  for  any  of  them  to  ne- 
gledt  that  fcience  which  alone  can  enable  them 
to  appreciate  the  mutual  action  of  one  body  on 
another,  the  changes  which  they  undergo  by 
contact,  the  modifications  of  form,  of  tafte,  of 
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colour,  of  fmell,  and  of  confidence  which  they 
affume  by  combination  or  decompofition,  the 
durability  or  changes  of  their  natural  or  ac- 
quired properties,  the  effects  to  which  they  are 
fubjedted  by  the  laws  of  nature  or  the  efforts  of 
art,  and  thofe  which  they  produce  on  the  or- 
gans of  men  and  animals. 

Penetrated  by  thefe  truths  concerning  the 
great  advantages  and  the  inexha uftible  re- 
fources  which  chemiftry  affords  in  every  human 
occupation,  I have  conceived  and  executed,  as 
well  as  circumftances  could  allow,  the  project 
of  introducing  the  find  y of  this  fcience  into  the 
national  fcheme  of  education.  The  organiza- 
tion of  the  central  fchools  in  the  departments 
of  the  French  republic  prefented  an  opportu- 
nity too  favourable  for  this  purpole,  for  me  to 
let  it  pafs  without  advantage  to  my  fellow 
citizens.  Chemiftry,  combined  with  phyfics, 
has  become  one  of  the  principal  branches  of 
that  excellent  eftablifhment.  Though  the 
number  of  men  fufficiently  {killed  in  that 
fcience  to  teach  its  principles  to  the  youth  of 
France  has  not  yet  proved  equal  to  that  of  the 
chairs  inftituted  by  the  law  of  the  3d  Brumaire, 
of  the  3d  year,  this  defect  will  be  but  momen- 
tary. Every  day  it  becomes  lefs  ; and,  in  a few 
years,  thefe  numerous  lights  of  folid  infraction 
will  fhine  upon  every  point  of  that  happy  foil 
which  will  again  collect  its  influence.  When 
we  ref  left  on  the  benefits  which  this  immenfe 
mafs  of  information  diffufed  over  France  mu  ft 
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produce  to  every  part  of  the  public  economy  ; 
on  the  means,  the  development,  and  the  force 
which  they  will  give  to  all  the  products  of  in- 
duftry  ; when  we  confider  how  many  truths 
either  totally  unknown  or  ftill  little  known, 
they  muft  render  familiar  and  domeftic,  the 
number  of  ameliorations  which  they  will  afford 
in  our  furnaces,  our  work  ill  ops,  and  our  manu- 
factories ; the  mafs  of  errors  which  they  will 
correct  and  that  of  the  prejudices  which  they 
will  difpel;  we  may  then  form  (biné  notion  of 
the  great  benefits  the  French  people  will  receive 
from  thefe  new  eftablifhments.  Celebrated 
fadts,  which  will  occupy  a ftriking  place  in  the 
hiftory  of  nations,  have  already  fhewn  in  the 
nioft  effedtual  and  permanent  manner  the  pow- 
ers of  chemiftry  to  advance  the  public  economy, 
and  infure  the  fafety  and  the  defence  of  na- 
tions. The  annals  of  the  French  revolution 
will  tell  to  the  world,  how  much  the  war  of 
liberty  is  indebted  to  the  inventions  and  to 
the  refources  of  chemiftry.  France,  prefled  by 
powerful  and  numerous  enemies,  blockaded  at 
fea  by  their  coloflal  fleets,  deprived  of  the  pro- 
ducts  which  commerce  afforded  her  in  ordinary 
times,  was  deftltute  of  faltpetre,  of  copper,  of' 
fteel,  of  mercury,  of  fulphur,  of  leather,  and  of 
a number  of  other  objedts  more  or  lefs  neceflary 
to  the  wants  and  the  fupport  of  its  inhabitants, 
The  arms  of  her  numerous  and  valiant  defend- 
ers could  not  effedt  this,  and  her  foldiers  them- 
felves  were  deftitute  of  arms  to  render  them 
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formidable  to  her  enemies.  Her  foil,  fo  rich 
in  productions,  did  not  feem  calculated  to  af- 
ford what  her  commercial  induftry  had  till 
then  obtained  in  foreign  countries.  Without 
the  genius  of  chemical  fcience,  die  would  have 
been  threatened  with  an  abfolute  want  of  the 
means  of  defence.  An  aCtive  adminiftration 
accuftomed  to  overcome  every  refinance,  be- 
caufe  it  felt  all  the  power  of  the  French  people, 
and  becaufe  it  knew  how  to  employ  the  whole 
of  their  force,  conceived  the  hope  of  finding  in 
chemiftry  what  the  ordinary  courfe  of  manu- 
factories could  not  furnifii,  and  what  interrupt- 
ed commerce  refuted.  It  called  together  the 
moft  enlightened  chemifts,  united  them  and 
explained  to  them  its  pr effing  and  extenfive 
wants,  the  confidence  which  it  placed  in  their 
knowledge,  and  the  affiftance  it  demanded  from 
them.  Its  expectation  wTas  not  difappointed  : 
its  hopes  were  realized  even  beyond  the  point 
to  which  they  were  directed  ! We  have  feen  all 
France  informed  by  this  afiembly  of  learned 
men,  of  the  immenfe  quantity  of  laltpetre  which 
nature  had  depofited  in  her  bofom  ; we  have 
feen  the  whole  ftate  converted  into  laltpetre 
works,  all  the  citizens  occupied  and  emulating 
each  other  in  the  fearch  and  extraction  of  this 
ialt.  Speedily  the  national  manufactories,  the 
arlenals,  the  ports,  the  ftrong  places,  and  the 
camps,  became  fo  fully  fupplied  by  this  im- 
menfe formation,  beyond  every  meafure  and 
proportion  till  then  known,  that  after  feven 
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years  of  dreadful  war  this  vail  provilioii  is  ftili 
far  from  being  exhaufted,  and  the  movement 
communicated  by  this  vail  enterprife  may  in- 
deed be  retarded,  but  can  never  be  entirely 
flopped.  This  famous  inflance  never  will  be 
loft.  Chemiftry  has  proved  that  after  fome 
years  of  repofe,  the  earth  of  cow-houfes,  of  avi- 
aries, of  fiables,  of  cellars,  of  caves,  and  of 
almoft  all  the  places  inhabited  by  or  ferving  as 
^receptacles  for  floring  animal  or  vegetable  iub- 
flances,  becomes  again  charged  with  faltpetre, 
and  that  a new  extraction  of  that  fait  made 
with  activity  fimilar  to  that  of  the  former,  and 
with  more  regularity  and  method  than  that 
could  be  in  the  difficult  times  in  which  it  took 
place,  will  again  afford  a greater  quantity  of 
that  fait  than  was  at  fill  obtained.  Here  then 
is  an  inexhauflible  fupply  difcovered  by  che- 
miftry  of  a fubflance  mofl  ufeful  to  the  national 
defence,  and  of  the  higheft  advantage  to  a 
number  of  the  works  and  manufactories.  The 
fame  men  taught  the  method  of  purifying  this 
natural  prod u 61  in  a few  hours,  inflead  of  more 
than  a month  which  it  formerly  required,  and 
by  that  means  to  render  it  proper  for  the  com- 
pofition  of  gunpowder,  of  which  the  fabrica- 
tion has  become  at  once  more  fpeedy  and  lefs 
dangerous.  Is  it  neceffary  to  recall  what  they 
have  done  at  the  fame  period,  to  remove  the 
• fame  di  ft  refs,  in  the  calling  of  artillery,  the 
refining  and  extracting  pure  copper  from  bell- 
metal,  and  converting  it  into  coin,  in  the  fa- 
brication 
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brication  of  fteel,  of  mufquets,  of  fab  res,  and  of 
all  the  arms  into  the  compofition  of  which  iron 
enters  under  that  form  or  in  the  ftate  of  fteel  ? 
Need  I fpeak  of  the  new  refources  which  they 
have  offered,  and  the  new  arts  which  chemiftry 
has  created  for  the  quick  tanning  of  fkins,  the 
compofition  of  foap,  the  eftablifhment  of  aero- 
ftatic  balloons  calculated  to  direct  the  march 
of  our  armies  ; the  formation  of  new  weights 
and  meafures  ; the  preparation  of  artificial  cray- 
ons; for  the  bleaching  and  re-manufacturing  of 
printed  paper;  for  the  procefles  fo  ingenious 
and  fo  delicate  for  the  fabrication  of  afti  gnats  ? 
All  thefe  teftimonials,  all  thefe  monuments, 
raifed  at  once  among  a great  people,  and  which 
have  fignalized  the  acquifition  of  its  rights  as 
well  as  ferved  to  eftablilh  its  liberty  on  an  eter- 
nal foundation,  will  for  ever  remain  among 
poli  hied  nations  as  imperilhable  proofs  of  bleft 
fings  which  the  cultivation  and  improvement 
of  chemiftry  are  calculated  to  extend  to  man- 
kind. 

It  is  to  France  that  the  renovation,  the  com- 
plete reftoration,  and  the  perfection  of  this 
beautiful  fcience  are  due  ; and  as  it  was  juft 
that  the  hi  ou  Id  receive  the  advantages  of  this 
fcience  on  a grand  and  important  occahon 
when  her  exiftence  and  fupport  were  at  hake, 
it  is  no  left  natural  that  hie  hiould  behold 
within  her  own  limits  the  mo  ft  extenfive  efta- 
blilhments  deftined  to  augment  the  progrefs 
and  extend  the  powers  of  chemiftry. 


Such 
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Such  is  the  nature  of  the  work  which  I now 
publifh  under  the  title  of  a “ Syftem  of  Che- 
mical Knowledge,  and  its  Applications  to  the 
Phenomena  of  Nature  and  of  Art.”  After  hay- 
ing fucceffively  given  to  the  public  different 
elementary  works  of  chemiftry,  under  forms 
varied  and  appropriated  to  the  end  which  I 
propofed  to  myfelf  in  each,  all  of  which  were 
merely  defigned  to  exhibit  the  firft  principles  of 
the  fcience, — I have  now  undertaken  to  collect 
all  its  truths,  to  combine  the  whole  of  them  in- 
to a more  complete  and  more  ample  treatife  than 
any  which  has  hitherto  been  formed,  and  more 
efpecially  to  difpofe  them  after  a particular 
method,  in  a newr  order  of  which  the  experience 
of  many  years  of  public  and  private  inftmction. 
has  ihewn  me  all  the  advantages.  I have  been 
defirous  if  not  to  collect  all  the  known  fadts  of 
chemiftry,  at  leaft  to  unite  many  more  than  are 
found  in  any  treatife  which  has  yet  been  pub- 
lilhecl.  This  appears  to  me  more  particularly 
neceffary  from  the  actual  ftate  of  modern  dif- 
coveries  of  which  no  work  contains  any  con- 
ficierable  part. 

The  “ Pliilofophy  of  Chemiftry”  which  I 
publithed  feme  years  ago,  and  which  has  been 
received  by  a dilcriminating  public  with  a de- 
gree of  indulgence  and  favour  I never  dared  to 
hope  from  the  work  itfelf,  though  its  form 
and  its  progrefs  did  not  appear  to  me  without 
fome  value  for  the  information  of  the  actual 
ftate  of  the  fcience  ; the  Philofophy  of  Che- 
miftry 
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miftry  was  particularly  dire  died  to  afcertain  the 
opinions  of  men  of  fcience,  concerning  the 
general  method  of  explaining  the  fir  ft  truths  of 
chemiftry,  which  I there  fketched.  Satisfied 
with  the  imp  reft!  on  which  it  had  produced 
among  the  cultivators  of  this  fcience,  and  con- 
fequently  with  the  trial  to  which  this  firft  work 
was  directed,  I purpofed  to  follow  a fimilar  me- 
thod in  the  detailed  exposition  of  chemical 
fadls.  I have  been  defirous  of  prefcrihing  to  the 
ftudy  of  the  fcience  in  its  utmoft  extent,  the 
fame  courfe  which  I have  already  followed  in 
announcing  its  firft  principles.  Though  I have 
not  pretended  to  exhauft  all  the  facts,  the  ex- 
periments, the  phenomena,  and  the  refults  of 
chemiftry,  an  objedt  perhaps  above  the  powers 
of  any  individual,  however  induftrious  or  en- 
lightened ; I have,  at  leaft,  endeavoured  to  coi- 
led! the  greater  part,  and  to  prefent  an  entire 
ftruclure  fo  complete  as  to  leave  little  more  to 
be  defired. 

No  work,  among  thofe  which  have  fallen 
under  my  obfervation,  has  been  formed  with 
the  fame  views  or  arranged  on  the  fame  plan. 
There  is  not  any  work  in  which  an  accurate 
and  methodical  iketch  of  the  new  difcoveries 
has  been  prefented,  or  their  connexion  and 
their  relations  can  be  feen.  I cannot  even 
with  propriety  give  the  name  of  Elements  to 
this  work,  after  thofe  which  I have  publifiied 
under  title,  and  which  are  entirely  different. 
Facts  which  far  exceed  in  number  what  is  ne- 
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cehary  to  conhitute  the  fimple  elements  of  a 
fcience  ; a new  method  Angularly  different 
from  that  which  directed  me  in  com  poling 
thofe  works  ; a much  more  extended  plan  in 
their  explanation  ; and  numerous  explanations 
which  would  have  been  mifplaced  in  elementary 
treatifes  : thefe  conftitute  the  principal  dif- 
ferences between  the  two  kinds  of  works. 

Indeed,  if  we  eonfider  this  work  with  regard 
to  the  objects  it  comprehends  and  the  purpofe 
to  which  it  is  directed,  namely,  of  explaining 
the  phenomena  of  nature  and  of  art  ; if  the  dis- 
tance be  meafured  which  hill  feparates  it  from 
that  which  natural  philofophy,  or  phyfics, 
viewed  in  its  greateft  extent,  would  hill  demand 
to  render  it  complete  and  without  defect,  then 
this  work  may  hill  be  regarded  as  an  elemen- 
tary treatife.  It  is  thus  that  one  of  the  literary 
monuments  which  moft  eminently  honours  our 
age,  fo  remarkable  for  its  prog  refs  in  the  Sci- 
ences ; the  immortal  work  of  Haller  on  the 
philofophy  of  the  human  body,  bears  the  mo- 
deft  title  of  Elements  of  P hijfiologij , though  it 
is  one  of  the  moft  learned,  the  moh  profound, 
the  molt  erudite,  and  the  moh  extenhve  that 
has  ever  been  compofed.  Its  illuhrious  author 
beftowed  on  it  this  denomination  of  elements 
from  a comparifon  of  what  it  was  with  relation 
to  the  powers  of  nature  and  thofe  other  fadls 
* which  are  required  for  the  difcovery  of  its 
myherious  operations.  Without  doubt  this 
title  bears  more  particular  relation  to  its  great 
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defects  than  to  the  labours  which  it  required 
from  Haller  himfelf  to  the  weaknefs  ot  hu- 
man nature  rather  than  to  the  laborious  efforts 
which  it  coft  its  author.  Under  this  point  of 
view,  the  work  which  I publifh,  very  far  from 
refembling  Haller’s  work  in  its  immenfity  pf 
refearch,  to  which  I do  not  pretend  to  compare 
it,  though  it  has  with  it  fome  other  relations 
foreign  to  that  of  erudition,  ftill  muff  never- 
thelefs,  prefent  to  the  philofopher  very  imper- 
fect elements  of  the  fcience  of  nature,  to  which 
I confecrate  it. 

But  it  is  not  thus  that  we  flioukl  examine 
fcientific  works,  when  the  ufes  are  confidered 
to  which  they  are  defigned.  The  elements  of 
the  fciences,  far  fhort  of  the  grandeur  and 
majefty  of  nature,  of  which  they  ever  will  be 
the  feeble  outlines  and  very  imperfeCt  defigns, 
can  only  be  Ample  reprefentations  of  the  firft 
and  of  the  molt  general  truths  which  have  been 
obtained  concerning  natural  phenomena.  Long 
details,  profound  difcuffions,  great  collections 
of  numerous  facts  are  entirely  foreign  to  them, 
and  only  tend  to  withdraw  the  attention  of  the 
Undent. 

As  they  are  compofed  for  the  purpofe 
of  initiating  in  the  firft  principles  of  few 
enee,  ,men  who  poffefs  no  previous  know- 
ledge, it  is  neceffary  they  fhould  be  accommo- 
dated to  minds  yet  unprepared  in  the  ftudy, 
that  they  fhould  he  Ample  and  precife,  that 
they  fhould  contain  only  the  Ample  enuncia- 
tions 
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tîons  clear  from  the  mafs  of  proofs,  digrefiions, 
explanative  details  and  complicated  facts. 
Such  was  the  method  of  confldering  and  pro- 
ceeding in  the  compofition  of  the  Philofophv 
of  Chemiftry.  I may  perhaps  have  even  car- 
ried my  precifion  too  far  ; brevity  may  perhaps 
have  rendered  me  obfeure,  a fault  which  I fhall 
endeavour  to  amend  in  another  edition  : but  1 
was  more  defirous  of  exciting  reflection  and 
meditation,  of  leading  the  readers  to  confider 
the  axioms  which  compofe  this  work,  than  to 
miflead  him  in  the  labyrinth  of  details,  or 
load  him  with  verbofe  difeuflions  and  expla- 
nations. 

When  men  engaged,  in  the  ftudy  of  natural 
fciences,  have  acquired  the  firft  notions  which 
elementary  books  prefent  to  them  ; when  they 
are  penetrated  by  the  original  truths  which  are 
there  announced,  and  are  become  familiar  to 
them  : they  then  become  capable  of  proceeding 
to  greater  depths,  of  comparing  the  different 
and  more  compounded  facts,  of  difeovering 
defiderata  and  difficulties,  and  of  comprehending 
all  the  delicacy  and  fublimity  of  the  fcience. 
Thus  qualified,  they  may  and  ought  to  read 
works  more  advanced,  more  difficult,  and  more 
extended  than  the  {impie  elements.  They  alfo, 
require  at  this  period  of  their  {Indies,  treatifes 
more  developed,  more  profound, — learned  dif- 
. cuffions,  maffes  of  faCts,  more  calculated  to 
give  light  and  conviction  to  minds  no w be- 
come more  faftidious,  and,  at  the  fame  time, 
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more  ardent  in  refearch.  Simple  iiiftructioi! 
without  difcuffion  or  collateral  proof  is  now 
infuffîcient.  They  will  be  delighted  to  con- 
template the  proofs  of  fadts,  the  objections  of 
critics,  and  the  diverfity  of  opinions  : far  from 
being  difcouraged  by  details  or  confufed  by 
difficulties,  they  earneftly  feek  the  one,  and 
endeavour  to  overcome  the  others.  It  is  alfo 
proper  to  ffiew  to  them  the  defects  with  which 
the  fciences  hill  abound,  the  obftacles  which 
remain  to  be  furmounted,  the  phenomena  which 
have  not  yet  been  explained,  in  a word,  to 
compare  for  themfelves  what  they  poffefs  of  re- 
ality, certainty,  and  demonstration,  with  what 
is  only  probable,  or  the  fimple  outlines,  or 
views  only  to  which  they  lead  ; in  a word,  to 
open  to  them  their  whole  career  without  pre- 
tending to  conceal  the  facts  which  are  obfcure 
or  imperfectly  known,  and  the  little  fpace  yet 
cleared,  when  compared  with  what  they  have 
to  acquire.  Thofe  fnbjects  which  would  fa- 
tigue or  dilcourage  the  beginner  whofe  heps 
ouc'ht  to  be  directed  with  certainty,  and  in 
proportion  to  the  weaknefs  of  his  power,  are 
well  adapted  to  the  acquired  force  of  thofe  who 
have  overcome  the  firft  difficulties,  and  who,  if 
conducted  in  the  true  and  perfpicuous  courfe  of 
elementary  knowledge,  will  burn  to  engage  in 
all  the  lubordinate  inquiries  which  have  been 
concealed  from  them.  He  who  is  already  tkill- 
ed  in  the  principles  of  the  fciences,  and  their  ele- 
mentary notions  who  feels  a real  difpofition 

for 
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for  refearch,  will  require  not  only  all  the  details, 
and  the  moil  extenfive  knowledge  of  fadts,  but 
alio  an  exhibition  of  all  the  means  which 
have  been  adopted  to  arrive  at  that  knowledge, 
to  feize  from  nature  her  minuted:  fecrets  and  to 
penetrate  the  myfteries  which  fire  has  veiled 
from  our  eyes.  Then  it  is  that  by  truly  ap^ 
predating  the  genius  of  the  fciences,  by 
eftimating  all  their  refources  and  by  contem- 
plating their  fpirit  and  their  difficulties,  they  at 
length  behold  their  connection  with  the  power 
and  the  phenomena  of  nature  ; they  can  then 
make  ufeful  applications,  and  form  a proper  efth 
mate  of  the  pleafure  and  advantages  derived 
from  this  fcience. 

This  is  the  objedt  to  which  it  was  my  inten- 
tion to  direct  my  new  work.  Defigning  it  for 
thofe  who  with  to  ftudy  cjiemiftry  in  all  its 
minute  parts,  I have  conceived  it  as  of  fuperior 
rank  to  the  Elements,  under  whatever  form  1 
may  have  varied  them  during  the  lad;  twenty 
years.  As  the  project  which  I have  been  de- 
drous  of  executing,  embraces  a fyftem  of  eight 
views  which  have  not  yet  been  prefented  in  any 
treatife  of  chemiftry,  I think  it  proper  to  ex- 
plain with  fufficient  development  in  this  place, 
the  extent  of  my  plan  and  the  means  which  I 
have  ufed  in  endeavouring  to  carry  it  into 
effect. 

All  the  branches  of  chemical  knowledge, 
conddered  in  that  vaft  extent  which  they  com- 
prehend for  thofe  who  with  to  acquire  them 
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completely,  and  who  feel  the  courage  to  ftudir 
them  till  they  diall  have  obtained  that  hate  to 
which  our  age  has  carried  them,  may  be  divided 
into  four  great  parts,  all  equally  independent 
of  each  other,  or  at  leaft  capable  of  being  de- 
tached and  treated  feparately,  though  they  are 
all  dfentially  related,  and  though  their  reunion 
may  be  regarded  as  neceffary  to  conftitute  the 
perfection  of  the  fcience  : 

The  fir  ft.  is  the  theoretic  part,  or  the  Theory 
of  the  fcience. 

The  fécond  comprehends  its  History. 

The  third  appertains  to  the  Practice. 

And  the  fourth  includes  its  Applications. 

Let  us  take  a view  of  the  nature,  the  diffe- 
rence, the  refpedüve  analogies  and  the  relative 
difpofition  of  thefe  four  parts,  which  envelop 
and  circumfcribe,  qs  within  an  immenfe  circle, 
tire  whole  mafs  ofxhemical  facts. 

By  the  Theoretic  part  of  chemiftry,  I 
mean  to  denote  a methodical  exposition  of  all 
the  facts  belonging  to  that  fcience,  and  which, 
in  the  regular,  difpofition  they- ought 4©  poffefs, 
as  well  as  in’ the  fimple  enunciation  of  the. 
refaits  they  afford,  p relents  them  equally  di- 
verted of  the  experimental  details  or  proofs 
which  belong  to  the  practical  part  ; and  of  the 
different  proceedings  by  which  the  human 
mind  has  been  enabled  to  difeover  them,  as 
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well  as  of  the  hiftory,  and  the  numerous  data 
•they  afford  for  explaining  the  phenomena  of 
nature  or  the  proceffes  of  the  arts,  which  alfo 
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belong  to  the  department  of  applications.  "This 
firft  part  of  chemiftry,  being  truly  the  fcience, 
of  which  the  aim  is  really  to  exhibit  the  whole 
of  the  fads  and  to  connect  them  together  by 
an  accurate  method,  ought  to  be  treated  fepa- 
lately  and  in  the  firft  place  ; not  only  becaufe 
the  objeéts  it  embraces  being  numerous  and  ex- 
tended would  be  rendered  confufed  by  affocia- 
tion  with  the  three  others  ; but  alfo  becaufe 
they  conftitute  the  bafis  of  chemical  know- 
ledge, and  mu  ft  naturally  precede  every  other 
fubjed,  confifting  only  of  proofs,  refults,  or  de- 
pendent parts.  No  one  can  be  a chemift  with- 
out poffeffing  the  theory  ; no  progrefs  can  be 
made  in  the  ftudy  of  either  of  the  three  other 
parts,  if  the  grand  developments  which  the 
theory  affords  to  the  principles  of  the  fcience 
do  not  precede  thefe  fecondary  parts  ; in  a 
word,  he  only  is  the  chemift  who  is  well  ac- 
quainted with  it,  though  no  one  can  become 
a profound  and  inventive  chemift  but  by 
fubfequent  application  to  the  other  depart- 
ments. 

v. 

The  II  istory  of  chemiftry,  conftituting  in 
my  plan,  the  fécond  part  of  thofe  extenfive  de- 
partments of  information  which  comprehend 
the  whole  of  the  fcience,  is  not  what  is  ufually 
underftood  by  this  name  in  the  greater  number 
of  chemical  books.  The  firft  pages  of  thefe 
treat ifes,  the  intrôdudions,  the  preliminary  dif- 
courfes  ordinarily  prefent  an  imperfed  fketch 
of  the  principal  epochs  or  periods  of  the  fci- 
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dice;  a {ketch,  decorated  to  no  purpofe  with 
the  title  of  the  hiftory  of  chemiftry,  with  regard 
to  the  manner  in  which  I apply  tliefe  terms  in 
in  y work.  This  part,  which  1 regard  as  a com- 
plete and  very  client ial  member  of  the  fcience, 
taken  in  its  utmoh  extent,  requires  details  and 
developments  of  which  there  are  only  very 
incomplete  {ketches  in  the  works  we  poffefs. 
It  ought  not  only  to  confider  and  fix  all  the 
epochas  of  chemiftry,  to  diftinguifh  them  care- 
fully from  each  other,  but  even  to  examine  all 
the  difcoveries  made  at  different  periods,  to 
{hew  their  connexion  with  each  other,  their 
fucceffion,  the  progreffion  they  have  followed, 
the  manner  in  which  each  truth  has  been  dif- 
covered  ; it  ought  to  notice  the  errors  which 
were  neceffarily  overthrown  before  the  accurate 
difcovery  of  obferved  facts  ; it  fliould  apply  this 
method  of  precife  hiftorical  refearch  to  each  of 
the  facts  in  particular,  and  particularly  to  thofe 
of  the  moft  importance,  becaufe  they  form  the 
bafts  of  the  fcience.  It  follows,  no  doubt,  that 
the  hiftory  of  chemiftry,  viewed  under  this  re- 
lation, inftantly  demands  that  the  reader  fliould 
have  a pofitive  knowledge  of  the  facts  which 
eompofe  it,  and  confequently  that  it  fliould  be 
preceded  by  the  theory  of  the  fcience.  For  this 
reafon,  I place  it  in  the  fécond  rank,  to  occupy 
the  fécond  part.  By  examining  all  the  details 
of  the  labours  of  chemifts,  from  the  earliel!  pe- 
riods to  the  moft  modern  times  ; by  enumerat- 
ing the  long  lift  of  difficulties  which  retarded 

the 
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the  elder  chemiffs,  the  errors  they  committed, 
as  well  as  the  fucceffes  they  have  obtained,  we 
fliall  fee  how  the  general  theories  fucceeded 

O 

each  other  ; why  they  at  firft  prefented  great 
vacancies  or  defiderata;  by  what  happy  cir- 
cumftances  thefe  gradually  difappeared  : and  by 
this  means  the  fcienccwill  be  truly  inveftigated, 
the-  connection  of  its  fluffs  will  be  well  deter- 
mined ; and  its  hiftory,  prefented  under  this 
ufeful  form,  will  exhibit  an  intereft  of  which  it 
has  not  yet  appeared  capable. 

The  third  part  of  that  general  chemiftry,  of 
which  I have  conceived  the  plan,  includes  the 
practice  of  thefcience:  it  contains  the  claffi- 
fication  of  the  inftruments,  the  veffels,  and  the 
apparatus  of  every  kind  ; the  feparate  defcrip- 
tion of  each  of  their  differences,  of  the  varia- 
tion of  their  forms,  and  materials,  of  their 
ufes,  the  changes  which  they  have  undergone, 
the  improvements  they  have  fucceflively  ex- 
perienced, the  manner  of  ufing  them  to  the  ut- 
moft  advantage.  It  confifts  of  a defcription  of 
a chemical  laboratory,  of  the  utenfds  which 
are  placed  there,  and  of  the  means  of  employ- 
ing them  in  the  difcovery  of  chemical  truths. 
From  this  firft  balls  of  the  practice,  it  is  proper 
to  pafs  to  the  defcription  of  experiments,  of 
operations,  of  procédés,  of  their  differences,  of 
the  methods  and  manipulation  neceflary  to  ob- 
. tain  the  refults  and  products  which  form  the 
objects  of  refearch.  This  part,  fo  neceflary  to 
the  chemift  by  profefflon,  fliould  be  detached 

from 


38  preliminary  discourse, 

from  that  which  is  taught  by  the  theory,  and 
aifo  from  that  which  the  hiftory  comprehends  ; 
becaufethe  longjdetails  which  it  requires  would 
obfcure  the  clearnefs  which  ought  to  reign  in 
the  former,  and,  mixing  without  advantage  with 
thofe  which  belong  to  the  latter,  they  would 
themfelves  lofe  that  perfpicuity  which  is  their 
leading  merit  and  indifpenfable  to  their  real 
utility.  Hence,  it  is  re  quid  te  that  it  fliould 
form  one  of  the  primitive  branches  of  the  trunk 
of  fcience,  diftinct  from  the  three  others,  and 
be  treated  by  itfelf.  Although,  during  the  1 aft 
hxty  years,  a great  number  of  valuable  and 
ufe ful  works  have  been  publifhed  under  the  titles 
of  Practical  Chemijiry , Experimental  Chemif 
try , Chemical  Proceffes , and  Manuals  of  Che- 
mijiry, the  fcience  is  aim  oft  totally  without  a 
complete  description  of  its  proceffes,  its  mani- 
pulations, of  its  apparatus  and  of  its  modern 
experiments.  The  formation  of  a work  of  this 
kind,  it  is  true,  involves  great  difficulties  ; but 
it  is  of  fo  great  importance  in  explaining  the 
advantages  of  chemiftry,  and  to  extend  a tafte 

for  it,  as  well  as  the  manner  in  which  it  obtains 

/ 

all  its  new  refaits,  that  it  is  extremely  definable 
that  it  fliould  be  made  a leading  objedh 

Laftly,  I confider  as  the  fourth  and  laft  part 
of  the  fcience  of  chemiftry,  coniidered  in  all 
its  extent,  the  Applications  which  mav.be 
made,  both  to  underftanding  and  explaining 
the  phenomena  of  nature,  and  the  proceffes, 
to  the  practice  and  to  the  improvement  of  the 

* arts. 
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arts.  This  part  is  as  vaft  in  its  execution  and 
extent,  as  it  is  important  by  the  fervices  which  it 
has  rendered  and  continues  to  render  to  fociety. 
It  is  alfo  towards  this  objedt,  namely,  the  ap- 
plications, that  the  efforts  of  eliemifts  ought  to 
be  and  in  fadt  are  directed  : it  is  by  thefe  that  we 
may  hope  to  bring  into  the  rank  of  exadt  and 
pofitive  fciences,  mineralogy,  geology,  meteo- 
rology, aimoft  totally  abandoned  at  prefen t, 
the  firffc  to  a nomenclature  nearly  fterile,  the  fé- 
cond to  romances  or  to  a fpecies  of  improbable 
or  imaginary  fictions,  and  the  laft  to  fériés  of 

obfervations  fo  incoherent,  and  fo  independent 

/ a 1 

of  each  other,  that  their  ufelefs  mais  is  an  op- 
preffion  to  philofopliers.  In  the  ftudy  of  the 
properties  of  vegetables,  the  chemical  appli- 
cations or  the  data  of  chemiftry  are  alone  ca- 
pable of  giving  that  light,  which  the  obferva- 
tions of  natural ifts,  notwithftanding  their  num- 
ber and  their  fagacity,  have  not  vet  been  able 
to  afford:  thefe  alone  can  throw  light  upon  the 
vegetable  phyliology  and  agriculture,  as  fo 
many  of  the  modern  difcoveries  at  p refen t 
prove.  It  is  equally  well  known  that  thefe  dif- 
coveries will  afford  a number  of  truths  in  the 
natural  philofophy  of  animals  and  in  medicine: 
what  has  lately  been  effected  in  many  princi- 
pal points  of  phyliology,  proves  that  there  is 
more  to  he  expedtcd  from  chemiftry  than  from 
all  the  other  fciences  applied  to  animal  phyfics, 
ftnee  anatomy,  the  moft  important  of  the  lat- 
ter; notwithftanding  its  prefent  accuracy  and 

perfedlion, 
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perfeélion,  has  prefented  no  difcoveries  of  equal 
value.  After  this  principal  branch  of  chemical 
applications  to  the  phenomena  of  nature,  how 
important  are  thofe  which  are  relative  to  the 
arts  I All  the  manipulations  by  which  the  pro- 
perties of  natural  productions  are  changed,  to 
render  them,  by  a thoufand  forms  and  new 
qualities,  ufeful  to  our  different  wants,  are  truly 
the  operations  of  chemiftry.  The  chemical  arts 
depend  fo  much  on  that  fcience,  they  are  fo 
combined  with  its  proper  exiftence  and  its  ad- 
vancement, that  all  the  heps  which  it  makes 
in  the  knowledge  of  bodies,  all  the  difcoveries 
with  which  it  is  daily  enriched,  are  fo  many 
new  acquifitions  for  the  arts  ; it  perpetually 
improves  them,  adds  to  their  proceifes  and 
creates  new  ones.  Hence  it  is  evident  of 
what  prodigious  extent  this  fourth  part  of 
chemiftry  is  fufceptible  : it  is  evident  that 
it  may  be  divided  into  fix  branches  equally 
important  ; three  of  applications  to  the  fciences, 
to  the  philofophy  of  mineral,  vegetable  and 
animal,  and  three  of  applications  to  the  che- 
mical arts  ; namely,  thofe  which  are  exer- 
cifed  upon  foftils,  thofe  which  are  occupied 
on  the  products  of  plants,  and  thofe  which  re- 
late to  animal  matters. 

Though  thefe  four  parts  appear  to  be  equally 
neceffary  for  the  completion  of  the  general 
plan  which  I intend  to  follow,  it  is  nevërthe- 
lefs  eafy  to  conceive  that  each  of  them  may  be 
treated  feparately  and  publithed  alone.-  The 
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intire  work  demands  fuck  inceflant  and  Ions* 
continued  labour,  that  it  is  probable  the  life 
of  one  man  is  inefficient  to  terminate  it  com- 
pletely. I bave  long  collected  materials  and 
meditated  its  execution.  The  firft  part  or  ge- 
neral theory  of  the  fcience  is  completed  in  the 
work  which  I here  prefent  to  the  world.  The 
fécond  has  already  been  traced,  though  indeed 
as  a mere  fketcli,  in  the  third  volume  of  the 
Dictionary  of  Chemiftry,  forming  part  of  the 
Encyclopaedia.  As  to  the  other  two  parts,  I 
have  hitherto  occupied  myfelf  only  in  collect- 
ing certain  materials  which  will  enter  into  their 
compofition.  Thus  the  System  of  Chemical 
Knowledge  which  I now  publiih,  and  of 
which  this  difcourfe  is  the  preliminary  intro- 
duction, forms  in  reality  the  firft  part  of  the 
great  work  of  which  I have  announced  the  ge- 
neral plan. 

The  title  of  the  prefent  treatife  neverthelefs 
announces  that  it  contains  at  lcaft  a fummary  of 
the  fourth  part,  namely,  the  applications  of  the 
fcience.  But  I muft  here  explain  the  notions 
which  have  directed  my  pen,  and  the  reafons 
that  have  induced  me  not  to  execute  rigoroufly 
the  firft  projeCt,  luch  as  I have  here  detailed  it. 
If  it  had  been  permitted  me  to  hope,  or  if  I could 
have  been  fure  that  the  complete  execution  of 
the  projeCt  and  the  formation  of  the  four  parts 
. which  compofe  it,  could  have  taken  place,  I 
fhould  doubtlefs  have  followed  that  plan  with 
the  greateft  ft ri chiefs,  and  each  of  the  four  parts 

would 
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would  have  been  treated  by  itfelf  and  without 
mixing  any  thing  which  belonged  to  the  three 
others.  I have  thown  that  the  fhft  part,  given 
feparately  to  the  public  as  a treatife  complete 
in  its  kind,  capable  of  appearing  and  continuing 
in  the  literary  world  without  being  followed  by 
any  of  the  three  following  parts,  ought  at  leaf!; 
to  p relent  fome  fketches  or  eoncife  views,  fome 
of  the  leading  outlines  of  the  other  parts,  as 
well  to  break  the  didadlic  monotony,  which 
would  not  have  become  an  indifpenfable  duty 
except  in  the  cafe  of  the  other  parts  having 
been  publilhed  at  the  fame  time,  as  to  unite 
a,  notion,  fuperftcial  indeed  but  neverthelefs 
ufeful,  of  the  nature  and  of  the  advantages 
of  each  of  thefe  parts  of  the  fcience.  Thus, 
in  the  iketch  of  objehis,  according  to  this  plan 
foreign  to  the  theory  of  chemiftry,  I have  li- 
mited myfelf  to  exhibit  fome  leading  examples 
of  its  application,  by  choofing  the  molt  im- 
portant and  ufeful.  I have  in  like  manner  chofen 
among  the  hiftorical  facts  and  the  operations 
or  procelfes  of  chemiftry,  the  moft  prominent 
and  moft  proper  to  give  an  idea  of  the  actual 
ftate  of  the  practice  and  of  the  hiftory,  at  leaft 
fuch  as  I conftder  them  : fo  that  the  fyftem  of 
fabts  which  I have  been  deftrous  of  prefenting 
to  ftudious  men,  though  relating  to  the  theory 
of  the  fcience  rather  than  to  its  other  parts, 
may  neverthelefs  ferve  inftead  of  thofe  parts, 
till  time  and  the  continuance  of  my  labours 
. r ’ (ball 
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iliall  have  procured  for  them  thefe  lab  parts 
drawn  out  feparately. 

Though  I have  thus  intermixed  the  theoretic 
truths  of  chemiftry  with  certain  traits  of  its 
hiftory,  with  many  prablical  fabis,  and  with  its 
principal  applications  to  the  fciences,  the 
arts,  and  the  other  branches  of  human  know- 
ledge (thefe  three  kinds  of  notions  having  been 
coniidered  here  merely  as  accelfories  to  the 
theory  which  forms  the  bafe  of  this  work)  yet 
it  mult  be  underftood  that  the  details  which 
relate  to  them  have  neither  the  extent  nor  the 
development  which  would  have  been  necelfary 
if  I had  treated  them  fingly.  The  hiftorical 
part  is  abfolutely  no  more  than  a bight  Iketclp 
a fort  of  firlt  line  required  inftead  of  leaving 
the  names  and  the  labours  of  thofe  able  men  in- 
ti rely  unknown  to  whom  it  owes  its  principal 
difcoveries  on  each  fubjebt.  Notions  of  ma- 
nipulation and  experiment  are  here  traced  with 
a concifenefs  which  is  fufficient  to  explain  how 
far  the  actual  procédés  of  the  chemical  art  dif- 
fer from  what  they  formerly  were,  but  not  to 
defcribe  the  operations  exabtly,  fo  as  to  form 
the  practical  chemifi.  In  Ihort,  the  principal 
applications  which  are  here  inferted,  being  pre- 
fented  with  great  precilion,  have  no  other  pur- 
pofe  than  to  explain  the  great  advantages  with 
which  the  cultivation  and  the  profound  hudy 
. of  chemiftry  are  accompanied,  and  the  fervices 
which  it  is  capable  of  rendering  to  man.  They 
require  only  to  be  oonlidered'as  the  titles  or  lum- 
inaries 
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maries  of  the  work,  or  rather  of  treatifes  which 
will  hereafter  be  publilhed  when  it  Ihall  be 
required  to  give  to  them  all  the  neceffary 
icope  and  development.  But  among  thele  ap- 
plications there  are  two  which  I have  thought 
proper  to  develop  loin e what  further,  on  ac- 
count of  the  great  intereft  which  they  excite 
with  regard  to  the  immenfe  and  immediate  ad- 
vantage which  they  promife  to  natural  philo- 
fcphy,  and  of  the  clearnefs  and  certainty  they 
have  derived  from  the  adtual  Hate  of  chemiftry, 
of  which  no  one  would  have  thought  them  fuf- 
ceptible  twenty-live  years  ago.  Thefe  relate 
to  the  philofophy  of  vegetables  and  ot  animals, 
as  I lhail  lliew  in  the  Iketch  of  the  method 
which  I have  followed  for  the  comp  oft  t ion  and 
the  formation  of  this  work. 

In  the  foregoing  pages  I have  Hated  the  man- 
ner in  which  the  principal  revolutions,  the  pre- 
fent  Hate  of  chemiftry,  the  rank  which  it  de- 
ferves  among  the  fciences,  the  advantages  ob- 
tained from  its  cultivation,  and  more  efpecially 
its  extent,  as  well  as  the  firft  divifion  of  four 
parts  into  which  I apprehend  it  ought  to 
be  at  prefent  divided,  when  it  is  propofed  to 
profecute  the  ftudy  with  the  utmoft  eftedt.  I 
have  Ihewn  that  the  work  which  I now  publilk 
is,  properly  fpeaking,  only  the  ftrft  part  of  the 
great  work  of  which  I have  formed  the  plan, 
and  for  which  I have  not  ceafed  to  colle 61; 
materials  during  twenty  years.  It  nnift  be 
perceived  that  the  true  aim  of  this  work  is  to 

offer 


N 

I 

PRELIMINARY  DISCOURSE.  AS 

offer  to  ftudents  a fyftematic  body  of  the  theo- 
retic knowledge  which  conftitutes  the  fcience  of 
ehcmiftry.  I fhall  now  proceed  to  hate  how  I 
have  difpofed  thefe  faCts,  the  new  order  which 
I have  adopted  to  form  a methodical  feries,  the 
principal  fources  whence  1 have  procured  them, 
and  the  courfe  I have  followed  in  its  conftruc- 
tion.  I muff  communicate  to  thole  who  take 
this  work  for  the  guide  of  their  ftudies,  the 
line  of  direction  according  to  which  I have 
proceeded,  that  they  may  never  depart  from 
its  courfe,  but  may  always  have  prefent  in 
their  mind  that  confiant  connection  which  I 
have  endeavoured  to  cftablifh  between  all  the 
faCts,  and  be  enabled  to  judge  by  their  pro- 
grefs  in  thefe  ftudies,  whether  I have  complete- 
ly fulfilled  the  purpofe  which  it  was  my  inten- 
tion to  accompliih. 

It  has  hitherto  been  a kind  of  cuftom  gene- 
rally adopted,  which  by  convention  has  become 
almoft  a law,  to  follow  the  method  of  the  na- 
turalifts  in  works  on  chemiltry  ; to  divide  thefe 
works  into  kingdoms,  as  in  digefting  a courfe 
of  leCtures,  and  to  treat  each  of  thefe  king- 
doms in  fucceflion,  by  defeending  even  to  their 
minutcll  divifions.  This  courfe  being  the 
fame  as  that  of  natural  hiftory,  has  been  prin- 
cipally admitted  by  writers  on  chemiftry,  lince 
the  period  when  that  fcience  began  to  fhake  off 
‘ the  yoke  of  pharmacy,  under  which  it  had  for 
a long  time  been  placed.  When  the  principles 
of  chemiftry  were  generalized,  more  extended 
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notions  than  thofe  of  the  mere  preparation  of 
medicines  were  embraced  ; when  this  fcienee 
pretended  to  a knowledge  of  all  the  produc- 
tions of  nature,  it  of  courfe  affociated  with 
naturalifts,  and  became  direéted  by  them.  Be- 
fore that  period,  chemical  works  were  mere 
formulæ  of  pharmaceutic  preparations,  and 
neceifarily  prefented  divifions  or  a method 
intirely  founded  on  the  relations  and  the  dif- 
ferences of  thefe  preparations. 

At  prefent  chemiftry  ought  to  a6f,  with  regard 
to  natural  hi  ftory,  as  it  did  near  a century  ago, 
with  regard  to  pharmacy,  though  much  more 
aggrandized  by  this  lait  alfociation  than  by 
the  former  to  which  it  owed  its  origin,  and 
from  which  it  could  not  be  feparated  till  after 
it  had  acquired  a certain  increafe.  It  ought 
at  prefent  to  experience  the  defire  as  well  as  the 
neceffity  of  proceeding  alone  without  foreign 
fupport,  fmce  its  courfe  is  fo  well  diffmguiihed 
from  that  of  the  other  fciences  ; and  fmce  its 
purpofe,  its  means,  and  its  refaits  differ  fo  el- 
fentially  from  them.  Some  authors  have  al- 
ready felt  this  neceffity,  and  have  attempted 
to  modify  and  even  to  change  the  order  fol- 
lowed till  their  time.  It  was  thus  that  the  aca- 
demicians of  Dijon,  in  the  elementary  work 
which  they  publifhed  in  1 777,  as  the  hafis  of 
their  lectures,  without  confining  themfelves  to 
the  divifion  of  kingdoms,  adopted  for  their 
text  the  new  method  of  folvents  and  folutions, 
that  is,  the  -bafts  of  affinities  or  chemical  at- 
tractions* 
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tractions,  but  confidered  with  regard  to  fo~ 
lution,  the  principal  phenomenon  or  the  moft 
general  and  heft  known  operation  of  chemiftry. 

Convinced,  fince  the  confolidation  of  the 
pneumatic  dodtrine  and  the  publication  of  our 
methodical  table  of  nomenclature,  which  in 
1 787  already  afforded  an  expofition  of  bodies 
chemically  confidered  under  a new  form,  that 
if  is  indifpenfably  neceffary  to  adopt  for  the 
theory  of  chemiftry  an  order  completely  pecu- 
liar, and  exclufively  appropriate  ; that  is  to 
fay,  founded  on  the  information  it  affords 
refpeCting  the  nature  of  bodies,  I faw  that 
the  method  which  it  is  neceffary  to  adopt 
ought  completely  to  differ  from  thofe  of  the 
naturalifts.  In  fact,  they  confider  bodies  only 
as  they  are  prefented  by  nature,  in  the  poffef- 
fion  of  the  whole  of  their  properties.  They 
are  even  obliged  to'  fuppofe  them  permanent 
in  order  to  feize  with  accuracy  their  forms,  di- 
menfions,  colours  and  apparent  ftruciure  ; if 
they  wifîi  to  fix,  by  the  regular  difpofition  of 
their  collections,  the  ideas  of  thofe  who  ftudy 
tliem,  on  the  characters  of  the  natural  produc- 
tions which  they  have  adopted,  it  becomes  ne- 
ceffary  they  iliould  abftract  from  thofe  produc- 
tions all  the  caufes  of  change  and  of  deftruCtion 
which  threaten  them.  The  anatomift,  guided 
in  his  firft  fieps  by  the  method  of  the  natural-* 
•ifts,  as  foon  as  he  has  deftroyed  the  connexion 
of  tlie  parts  of  vegetable  and  animal  bodies, 
in  order  to  become  more  intimately  acquainted 
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with  their  organization,  can  himfelf  no  longef 
permit  the  natural  characters  to  remain  as  his 
diftinguifliiiig  marks,  and  foon  perceives  the 
tieceflity  of  feeking  for  others  from  the  inte- 
rior texture  of  thefe  beings  : the  beft  and  moft 
ufeful  proceeding  he  can  adopt,  is  to  find  in 
the  concealed  organs  a relation  or  fimilitude  of 
ftruCture  with  the  exterior  parts,  a relation  from 
which,  after  the  manner  of  Ariftotle,  general 
inductions  are  ably  drawn,  which  render  the 
diftinCtions  of  the  methodifts  founded  on  the 
apparent  or  fenfible  characters  more  exaCt  and 
luminous. 

But  the  chemift  can  have  neither  the  fame 
progrefs  nor  the  fame  objeCt  : no  fubfiance  in 
his  refearch  remains  in  iÙ  natural  ftate  ; he 
deftroys  its  texture  ; he  feparates  its  integrant 
parts  ; he  caufes  all  its  properties  to  difappear. 
At  the  firft  moment  he  deftroys  all  its  exterior 
or  apparent  characters  ; and  though  the  natural 
method  is  calculated  to  guide  him  in  the  choice 
of  the  lubjeCts  which  he  examines,  he  is  foon 
obliged  to  faerifice  it  inti  rely  to  his  operations  ; 
he  feeks  and  he  finds  refults  abfolutely  different 
and  in  a certain  degree  oppolite  to  tliofe  of  the 
naturalifis.  By  fubmitting  bodies  to  analyfis, 
he  difcovers  their  intimate  nature  ; he  deter- 
mines what  is  the  order  of  their  fimplicity  or 
their  competition  ; he  caufes  the  properties 
which  form  their  fenfible  or  apparent  charac- 
ters quickly  to  vary  ; he  fiudies  the  attractions 
which  the  conftituent  principles  of  bodies  obey; 
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gen  and  air,  azote,  hidrogen,  carbon,  pliofpho- 
i'us,  fulphur,  diamond  and  metals.  Thefe  bo- 
dies are  difpofed,  the  three  fir  ft  on  account  of 
their  great  mafs  in  nature,  the  manner  in  which 
they  ftrike  our  organs,  the  ftrong  and  continua! 
aétion  which  they  exercife  ; in  a word,  of  the 
generality  of  their  exigence  and  of  their  ex- 
tenfive  agency  in  the  economy  of  nature  ; thefe 
are  light,  caloric,  oxigen  : the  two  following, 
air  and  azote,  after  their  analogy  and  inde- 
pendence of  the  three  preceding  ; and  the  fix 
laft,  according  to  the  order  of  attraction  which 
they  have  for  oxigen,  or  the  energy  of  their 
combuftibility  All  are  then  respectively  ar- 
ranged in  a feries  approaching  as  much  as 
was  poffible  to  their  natural  order,  and,  at  the 
fame  time,  to  their  chemical  properties. 

The  hiftory  of  each  of  thefe  bodies  is  treated 
with  all  the  extent  and  detail  which  their  im- 
portance demands.  Their  phyfical  properties, 
the  different  ftates  in  which  nature  prefen ts 
them,  the  combinations  they  form  among 
themfelves,  their  ufes,  the  influence  alfo  which 
the  difcoveries  that  relate  to  them  have  had 
on  the  reafon  and  profperity  of  man  : — thefe 
eonflitute  the  particular  hiftory  of  fimple 
bodies.  The  peculiar  manner  in  which  each 
of  them  is  capable  of  burning,  the  different 
degrees  of  their  combuflion,  of  their  ox'ida- 
* tion  or  of  their  acidification,  the  various 
phenomena  of  flame,  of  colour,  and  of  move- 
ment which  accompanies  their  combuftion  ; the 
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feveral  degrees  of  temperature  which  take 
place,  the  various  refults  which  it  affords,  are 
principally  what  have  demanded  the  moil  care 
among  the  properties  of  thefe  bodies,  becaufe 
they  are  of  the  utmoft  intereft  in  the  prefen t 
ftatc  of  chemiftry. 

Though  I have  not  pointed  out  all  the  fads 
which  the  fcience  poffeffes  concerning  the  pri- 
mary beings  not  fufceptible  of  decompoiition, 
1 muft  obferve  that  the  expofition  of  their  pro- 
perties comprehends  many  more  details,  and 
fads  more  precife  than  any  work  of  chemif- 
try has  yet  prefented.  This  aifertion  being 
likewife  applicable  to  the  chemical  hiftory  of 
all  other  bodies,  and  confequently  to  all  the 
articles  of  this  work,  I have  made  it  in  this  place 
when  I fpeak  of  the  fedion,  where,  for  the  firft 
time,  certain  natural  bodies  are  particularly  ex- 
amined. This  observation  may  more  parti- 
cularly be  applied  with  regard  to  oxigen  and 
oxigen  gas,  the  air,  azote,  azotic  gas,  and 
phofphorus. 

The  hiftory  of  carbon  and  of  the  diamond 
has  been  enriched  by  certain  fads  frnce  the  im- 
preffion  of  the  firft  volume  of  my  work.  The 
beautiful  experiments  of  Citizens  Guyton  and 
Clouet  have  proved  the  identity  of  the  bafe  of 
thefe  two  bodies,  not  only  by  the  carbonic 
acid,  the  undoubted  produd  of  the  combuftion 
of  the  diamond  as  well  as  of  carbon,  but  even 
by  fteel  which  is  formed  by  the  firft  of  thefe 
bodies  as  eafdy  and  perhaps  more  fo  than  by  the 
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fécond,  by  heating*  it  with  pure  iron.  The  pro- 
portion of  oxigen  which  the  diamond  requires 
to  burn  it,  and  which  amounts  to  four  times  its 
weight,  whilft  that  which  is  necelfary  for  char- 
coal is  only  2,527  for  one  part,  and  the  quan- 
tity of  carbonic  acid  which  it  affords,  have 
confirmed  the  luppofition  which  fome  chemifts 
had  already  formed,  that  charcoal  is  a true  oxide 
of  carbon,  on  account  of  the  proportion  of  ox- 
igen which  it  contains  ; whilft  the  matter  of  the 
diamond  is  pure  carbon,  poffeffing  merely  a de^ 
gree  of  condenfation  and  aggregation  fuperior 
to  that  of  all  other  known  bodies.  This  fact, 
which  was  only  announced  in  the  articles  of 
thefe  two  bodies,  and  which  appears  to  require 
that  thefe  fubftances,  the  diamond  and  carbon, 
fhould  hereafter  be  ranged  in  the  fame  article 
as  one  and  the  fame  fubftance,  proves  alfo  that 
the  black  colour,  the  perfect  opacity,  and  all 
the  degrees  of  phyfical  properties  which  depend 
on  it,  are  not  the  characters  of  carbon,  but  of 
its  oxide.  This  accounts  for  the  white  colour 
of  vegetable  matters  the  moft  replete  with  car- 
bon ; the  black  which  they  affume  by  oxidation 
and  dis-hidrogenation  ; the  perfect  tranfparence 
of  the  diamond  ; the  fpecies  of  foot  which 
Lavoifier  has  hrft  deferibed,  and  which  I ob- 
ferved  long  ago  on  the  furface  of  diamonds 
partly  burned,  and  interrupted  in  their  combuf- 
. tion.  It  will  be  feen,  in  the  hiftory  of  the 
metals,  that  there  are  ftates  of  carbon  inter- 
mediate between  that  of  the  diamond  and 
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charcoal,  where  it  contains  lefs  oxigen  than 
this  laft,  0,03  or  0,04,  and  which  are  fpccies 
of  oxidules.  Their  characters  are  to  burn  very 
difficultly,  only  at  a high  temperature,  to  be 
extinguithed  when  this  temperature  is  abated, 
and  to  produce  with  zinc  and  Oliver  the  gal- 
vanic irritation,  which  neither  the  diamond  nor 
charcoal  produce.  Such  are  plumbago  or  car- 
buret of  iron,  the  anthracite  or  carburet  of 
alumine,  certain  animal  charcoals,  and  charcoal 
itfelf  ftrongly  heated. 

As  to  the  article  of  the  metals,  it  is  neceffary 
to  bear  in  mind  that  they  are  placed  in  the 
iccond  fection  only  in  order  to  refer  them  to 
the  fir  ft  clafs  of  (impie  bodies  or  combuftibles, 
to  exhibit  them  as  belormino*  to  that  feries  of 
bodies  ; to  prove*  by  the  expofition  of  their 
combuftibility,  that  they  could  not  be  placed 
in  any  other  clafs  of  bodies.  Their  import- 
ance, their  great  ufes,  their  number  of  twenty- 
one  fpecies,  and  the  confiderable  quantity  of 
combinations  which  they  are  capable  of  form- 
ing, require  alfo  that  their  hiftory  fhould  form 
a feparate  divilion  ; it  is  treated,  with  the  great 
development  it  requires,  in  the  fixth  fection  of 
this  work. 
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NOTICE  OF  THE  THIRD  SECTION. 

Concerning  burned  Bodies , O vides  or  Acids . 

IT  was  natural  to  treat  of  burned  bodies,  af- 
ter having  examined  combuftible  fubftances; 
and  as  in  the  order  or  chemical  clallification  of 
the  productions  of  nature,  thefe  bodies  form 
the  fécond  clafs,  their  hiftory  ought  to  form 
the  third  feet  ion  of  my  work.  Accordingly  its 
title  is  : Concerning  burned  bodies , ovules  or 
acids. 

It  is  divided  into  fix  teen  articles. 

The  frit  has  for  its  objeét  an  examination  of 
combuftion  or  of  that  phenomenon  to  which 
this  genus  of  products  owe  their  origin  in  na- 
ture as  well  as  in  art  ; it  retraces  in  a rapid 
fummary  all  the  data  already  explained  in  the 
preceding  fection  ; it  generalizes  their  refaits 
with  relation  to  the  nature  of  burned  bodies, 
which  are  divided  into  oxides  and  acids;  it 
gives  the  definition  of  thefe  two  kinds  of  pro- 
ducts : the  former  are  divided  into  permanent 
oxides,  definitive  or  conftantly  remaining  the 
fame,  and  tranfitory  oxides,  intermediate  be- 
tween the  ftate  of  oxides  and  that  of  acids.  I 
there  have  fliewn  that  the  oxides  of  the  fir  ft 
genus  may  poffels  different  degrees  of  oxidation, 

that 


70 


PRELIMINARY  DISCOURSE. 


that  thofe,  of  the  fame  combuftible  bodies,  vary 
among  themfely.es  in  the  proportion  of  oxigen 
they  contain.  I muft  here  remark,  that  in  or* 
der  to  diftingujfh  thefe  different  oxides  from 
each  other,  chemifts  may  ufefully  adopt  the 
denomination  of  o, ridules,  propofed,  as  fimilar 
to  that  of  acidulés,  by  Citizen  Haiiy,  and  by 
which  he  reprefents  the  nature  of  metals  in  the 
mod:  fiightly  burned  hate. 

The  fécond  article  is  appropriated  to  the  che» 
mical  examination  of  water  or  the  oxide  of 
hidrogen,  one  of  the  moft  penpanent  in  the 
hrft  genus  of  thefe  bodies.  I confider  it  in  its 
different  natural  dates,  in  its  principal  phy fi- 
nal properties,  its  weight,  its  limpidity,  its 
level,  its  cryftallization,  its  characters  when 
congealed,  its  fufibility,  its  vaporization,  its 
vapor  formed,  condenfed,  &c.  I then  combine 
it  with  light,  caloric,  and,  on  that  occafion,  I 
examine  its  fufion,  its  ebullition,  its  dilatation, 
its  gafeity  ; phenomena  concerning  which  I have 
oiven  notions  which  I think  more  clear  though 

) o 

much  more  precife  than  what  has  hitherto  been 
written  on  that  fubject.  Next  come  the  com- 
binations of  water  with  oxigen,  air,  gafeous  hi- 
drogen, its  abtion  on  carbon,  pjiofphorus,  ful- 
phur,  the  carbonated,  phofphprated,  fulphurated 
hidrogen  gafes,  heated  pr  cold,  on  the  metals, 
and  confequently  the  hjftory  of  its  decompofi- 
tion.  Hence  it  may  be  feen  that  I follow,  in 
the  expofition  of  the  chemical  combinations  or 
actions,  the  confiant  order  of  the  bodies  already 
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treated  ; I ufe  it  alio  with  regard  to  all  the 
other  bodies.  I terminate  this  article  by  an  ex- 
planation of  the  ufes  and  the  effect  of  water  in 
nature,  as  well  as  its  relations  fo  intimate  with 
a number  of  other  fahts,  and  in  general  with 
the  improvement  of  human  realon. 

In  the  third  article,  I fpeak  of  the  different 
fpecies  of  metallic  and  non-metallic  oxides,  all 
fubordinate  to  water  by  the  lefs  permanence  of 
their  combinations,  and  by  the  lefs  degree  of 
attraction  between  their  radicals  and  ox  mem 

o 

Thefe  compounds  are  placed  here  only  as  it  were 
proviffonally,  and  to  afford  an  accurate  feries 
in  the  knowledge  of  the  oxides  ; becaufe  their 
detailed  hiftory  belongs  as  well  to  the  feCtion 
of  metals,  as  to  that  of  organized  vegetable 
and  animal  compounds.  Thus  I only  confider 
them  in  a general  manner,  and  in  order  to  com» 
pare  their  properties  with  thofe  of  water:  I in- 
dicate their  different  ftates,  the  changes  which 
they  experience  by  light,  caloric,  hidrogen, 
carbon,  pholphorus,  fulphur,  the  metals  and 
water  itfelf.  The  tranfient  oxides  of  carbon, 
of  azote,  of  phofphorus,  of  fulphur,  and  the 
complicated  oxides,  or  fuch  as  have  binary  ra- 
dicals, of  hidrogen  and  of  carbon,  are  afterwards 
indicated,  and  I make  a general  divifion  of  all 
thefe  bodies  into  four  genera,  in  order  to  throw 
light  on  moft  of  the  fucceeding  articles. 

The  fourth  article  has  for  its  objeCt  the  ge- 
neral claffification  of  the  acids,  and  prefents 
views  and  refults  concerning  acidification  which 

form 
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form  at  prefent  one  of  the  mo  ft  important  bafes 
of  the  theory  of  chemiftry,  though  almoft  entire- 
ly negleCted,  or  omitted  in  the  greater  part 
pf  modern  works.  The  definition  of  thefe  bo- 
dies, their  acidity  ariftng  from  oxigen,  the  par- 
ticular diftinCtion  of  thofe  which  have  the  fim- 
pie  coinbuftibles  treated  of  in  the  preceding 
feci  ion  for  their  radicals  ; their  hate  of  acidity 
frequently  of  two.  kinds,  according  to  the  pro- 
portion of  the  acidifying  principle,  the  rules  of 
nomenclature  defigned  to  exprefs  the  nature  and 
the  ftate  of  each  ; the  generic  characters  of  thefe 
burned  compounds,  taken,  either  from  their 
phyfical  properties,  or  from  their  mutual  ac- 
tion on  all  the  bodies  formerly  examined  ; in 
iliort,  the  différent  methods  of  claffing  them, 
whether  according  to  their  decompofition  and 
non-decompofition  ; — with  regard  to  their  gafe- 
ous,  liquid  or  foîid  ftate  the  ratio  of  their 
energy  — or  laftly,  by  the  different  attractions 
of  their  radicals  for  oxigen  ; which  laft  mode  I 
adopt,  becaufe  it  guides  me  through  the  great- 
eft  number  of  my  fecondary  di vinous.  Such 
are  the  materials  of  this  fourth  article  of  gene- 
ralities. 

In  the  fifth,  I conftder  the  carbonic  acid,  placed 
ftrft  among  the  acids  on  account  of  the  ftrong 
attraction  of  carbon  for  oxigen  : the  hiftory  of 
its  difcovery,  and  the  different  names  which  it 
has  received  from  its  g;afeous,  liquid  and  folid 
ftates  in  nature,  where  it  is  abundantly  diffufed  ; 
“—the  multiplied  means  of  obtaining  it  artifi- 
cial] v : 
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cîaîly  ; — its  charaéteriftic  properties  under  the 
torm  of  gas  ; — its  combinations  with  ail  the 
fnnple  bodies  before  examined  its  union  with 
water  and  with  certain  other  oxides  ; of  the  car- 
bonic acid  when  liquefied  by  its  condenfation 
in  water  ; — the  natural  and  artificial  acidulated 
waters  ; — laftly,  I give  an  account  of  the  ufes  of 
this  acid  and  its  numerous  applications,  both 
to  the  philofophy  of  nature,  and  to  facial  pros- 
perity, of  which  the  difcovery  of  its  properties 
have  been  the  fruitful  Source.  The  general  re- 
Sult  of  the  details  contained  in  this  article  proves 
that  the  carbonic  acid,  though  one  of  the  laft 
discovered,  is  nevertheless  one  of  the  belt  known, 
and  one  of  thofe  which  have  had  the  created 
influence  on  the  progrefs  and  the  renovation  of 
the  Science. 

The  fixth  and  Seventh  articles  prefent  the 
hiftory  of  the  phofphoric  and  phofphoreous 
acids.  A few  years  ago  thefe  two  acids  were 
confounded  with  each  other.  Though  it  was 
eafy  to  difcover,  by  means  of  the  different  pro- 
perties which  chemifts  announced  in  their  com- 
binations, that  difference  which  exifts  between 
them,  no  one  at  that  time  poffeffed  a precife 
idea  of  the  distinction  which  ought  to  have  been 
eftablifhed  between  the  two  acids.  Hence  the 
inconfiftency  and  the  contradiction,  which  for- 
merly reigned  among  its  compounds,  have  en- 
tirely disappeared,  becaufe,  after  the  modern 
-experiments,  the  two  modifications  of  the  acid 
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of  phofphorous  depending  on  its  different  com- 
bullion,  hav  e been  well  attended  to. 

The  phofphoric  acid  is  placed  the  fécond  in 
the  order  of  acids,  becaufe  phofphorus  comes 
immediately  after  carbon  in  its  attraction  for 
oxigen.  I firft  give  the  abridged  hiflory  of  the 
difc ovaries  which  relate  to  it  fmce  the  time  of 
Stahl  to  that  of  M.  Tennant.  1 then  confider 
its  exiftence  in  nature,  its  different  means  of 
fabrication,  its  different  fiâtes  folid  and  vitre- 
ous, foft,  gelatinous  and  liquid,  its  different 
phyfical  properties,  and  its  chemical  relations 
to  light,  caloric,  oxigen,  azote,  air,  liidrogen, 
carbon,  phofphorus,  fulphur,  diamond,  metals, 
water,  and  carbonic  acid  ; bodies  which  have 
all  been  fludied  in  the  fame  order  with  the  phof- 
phoric acid.  Laflly  I indicate  their  principal 
ufes. 

The  phofphoreous  acid  is  treated  in  the  fame 
manner  and  with  the  fame  care.  I principally 
infift  on  its  difference  from  the  phofphoric  acid, 
on  its  difrindtive  characters,  efpecially  on  the 
phofphoric  light  which  inflames  at  its  furface 
when  it  is  fufficiently  heated,  on  the  different 
methods  of  obtaining  it  ; on  its  change  to 
phofphoric  acid  by  different  oxigenating  pro- 
ceffes,  and  laftly  on  its  attradlions'and  ufes  which 
further  diftinguifh  it  from  the  phofphoric  acid. 
I fhould  mention  here  that  this  is  the  firft  time 
that  the  two  acids  of  phofphorus  have  been 
treated  with  this  detail  and  method  in  a fyflenm- 
tic  work  of  chemiilry,  and  that  I have  confe- 
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quentîy  digefted  tliefe  two  articles  with  all  the 
clearnefs  of  which  they  appeared  to  me  to  be 
fufceptible. 

The  eighth  and  ninth  articles  contain  an  ex- 
amination of  the  fulphuric  and  fulphureous 
acids.  The  firft  of  thefe  acids  is  the  third  in 
order,  with  regard  to  the  attraction  for  oxigen  ; 
the  fulphureous  follows  it  immediately  from  a 
fort  of  dependancy  which  requires  that  it  fliould 
never  be  feparated.  After  the  various  names  of 
the  fulphuric  acid,  after  a rapid  hiftorical  fketch 
of  the  chemical  labours  which  relate  to  it,  I 
have  ftudied  it  in  its  natural  hiftory  ; its  prepara- 
tion, whether  its  extraction,  or  its  entire  forma» 
tion  by  art  ; its  phyfical  properties,  and  the  ef- 
fects of  the  attractions  which  all  the  preceding 
bodies  exercife  upon  it,  by  dwelling  upon  calo- 
ric, air,  carbon  and  water,  matters  whofe  aCtions 
are  the  moft  important  to  be  determined  with 
precifion.  I next  explain  the  great  advantages 
natural  philofophy  derives  from  an  exaCt  know- 
ledge of  this  acid,  and  its  ufes  in  medicine  and 
the  arts.  According  to  the  experiments  of  La- 
yoifier  and  of  Citizen  Berthollet  concerning  the 
nature  of  this  acid,  I have  indicated  its  com- 
pofition  as  formed  of  0,71  of  fulphur,  and  of 
0,^9  of  oxigen.  I mu  ft  add  here  that  Citi- 
zen Thénard,  an  able  chemift,  employed  at  the 
polytechnic  fchool,  has  difcovered,  by  new  re- 
fearches,  made  chiefly  by  burning  fulphur  by 
the  nitric  acid,  that  100  parts  of  fulphuric  acid 
contain  55,56  of  fulphur,  and  44,44  of  oxigen. 

With 
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With  regard  to  the  fulpliuric  acid,  I explain 
its  hiftory  with  the  more  detail  and  care,  he- 
caufe  though  long  known  and  employed,  it  is 
ftill  one  of  the  fiibftances  leaft  attended  to  and 
moft  inaccurately  treated  in  the  greater  number 
of  chemical  works.  Its  name,  its  hiftory,  its 
exigence  in  the  native  ftate,  the  procédés  of 
its  fabrication,  by  burning  fulphur  {lightly, 
and  by  partially  deeompofmg  the  fulphuric 
acid,  its  phyftcal  properties,  its  gafeous  and  li- 
quid ftate,  its  various  combinations  with  the 
bodies  already  treated  of,  its  ufes  in  the  arts 
and  in  medicine,  its  relation  to  the  progrefs  of 
the  fcience  : this  conftitutes  the  ninth  article, 
which  is  appropriated  to  it. 

The  tenth  article  is  referved  for  the  nitric 
acid,  one  of  the  moft  frequently  employed,  the 
moft  powerful,  and  the  moft  ufeful  re-agents 
which  chemifts  at  prefent  have  at  their  difpolal, 
and  at  the  fame  time  one  of  the  heft  known  and 
the  moft  fertile  in  difcovery  ftnce  the  happy  re- 
volution which  the  fcience  has  experienced  of 
late  years  : this  acid  deferves,  in  every  refpeét, 
to  be  ftudied  with  the  greateft  care  and  extent  \ 
and  I have  fpared  neither  the  one  nor  the  other 
to  explain  its  properties. 

Its  fynonymy,  its  abridged  hiftory,  its  ex- 
ilic nee  in  the  natural  ftate,  its  formation  by  the 
electric  fpark  acting  on  0,20  parts  of  azote,  and 
0,S0  of  oxigen  gas  mixed,  its  extradlion  from 
the  native  nitrates  by  chemical  attradtion,  its 
appearances  and  its  phyftcal  properties,  its 
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weight,  its  tafte,  its  colour,  and  its  white  va- 
pour, its  acrid  unpleafant  odour,  its  decompo- 
sition by  light,  its  volatilization  and  its  decom- 
position by  caloric  accumulated  between  its 
particles,  its  property  of  difengaging  elaStic 
azote  from  animal  matters,  the  abforption  of 
atmofpheric  water  which  weakens  it,  its  adtion 
of  inflaming  Ample  combuftible  bodies,  the  flow 
or  rapid  decompofltion  which  it  undergoes  by 
thefe  bodies,  their  converfion  into  acids  by  its 
proper  oxigen,  which  abandons  it  more  or  lefs 
abundantly,  its  union  with  Solid  or  liquid  wa- 
ter, with  the  different  oxides,  its  relations 
as  to  force  and  other  effects  with  the  acids 
which  precede  it,  its  difference  from  the  for- 
mer by  the  facility  of  the  difunion  of  its 
principles,  the  examination  of  the  Species  of 
oxide  which  is  difengaged  from  it  in  gas  when 
it  is  partly  decompofed  or  difacidified  by  com- 
buftible bodies  (oxide  known  under  the  name 
of  nitrous  gas,  and  which  has  become,  flnce 
the  modern  difcoveries,  one  of  the  inoft  ufeful 
agents  in  a number  of  experiments,  and  prin- 
pally  in  the  analyfis  of  air  or  eudiometry)  ; laft- 
ly,  a concife  explanation  of  the  ufes  of  the  ni- 
tric acid  and  of  the  Services  which  it  has  ren- 
dered to  the  Science  : thefe  are  the  objects  which 
cornpofe  the  tenth  article  of  this  feétion. 

With  the  fame  care  and  in  the  fame  method 
I State  the  properties  of  the  nitrous  acid  in 
the  eleventh  article.  It  was  long  known  to 
chemifts  under  the  name  of  fmoking  fpirit  of 
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nitre , and  taken  for  the  acid  of  nitre,  confides 
ed  as  more  pure  and  ftrong  becaufe  it  polfdïes 
a deeper  colour,  and  emitted  a more  abundant 
red  vapour.  This  acid  has  not  been  well  dif- 
tinguifhed  from  the  preceding  till  after  the  con- 
folidation  of  the  pneumatic  dodlrine.  I have 
fucceffively  explained  how  it  is  naturally  form- 
ed, how  it  is  fabricated,  either  by  expofmg  ni- 
tric acid  to  light,  by  decompofmg  it  flowly  by 
a metal,  or  by  diffolving  nitrous  gas  in  that 
acid  which  rapidly  abforbs  it  ; I prove  that  it 
differs  or  varies  much  according  to  the  dif- 
ferent proportion  which  it  contains  of  that 
oxide,  and  that  it  is  never  identical,  as  is,  for 
example,  the  fulphureous  acid  ; that  it  is  fatu- 
rated  when  100  of  the  nitric  acid  have  taken  QQ 
of  nitrous  gas  ; that  it  has  then  the  form  of  red 
vapour,  almoft  incoercible,  fa  tu  rated  with  wa- 
ter, very  volatile,  eafily  feparated  from  the  ni- 
tric acid,  which  condenfes  it.  I examine  the 
effefts  of  light,  of  oxigen,  of  azote  and  of  air 
on  this  nitrous  acid  ; its  decompofition  ftill 
more  prompt  than  that  of  the  nitric  acid  by 
combuftibles,  by  reafon  of  the  great  quantity 
of  caloric  which  is  united  with  it  in  this  ni- 
trous fiat  e ; I defcribc  its  relations  to  water, 
the  oxides,  the  acids  whole  hiftory  precedes  it, 
its  property  of  caufing  the  phofphoric  and  ful- 
phuric  acids  to  pals  to  the  hate  of  phofphore- 
ous  and  fulphureous  acids  ; laftly,  I indicate 
with  brevity  its  ufes  and  its  influence  on  the 
progrefs  of  the  fcience.  It  is  principally  by 
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attentive  perufal  and  ftudious  reflection  on  thefe 
two  articles,  compared  with  what  has  hitherto 
been  written  concerning  the  acid  of  nitre  in  the 
numerous  works  of  chemiftry,  even  of  modern 
times,  that  the  perfection  to  which  this  fcience 
has  arrived  in  the  French  pneumatic  doCtrine, 
and  the  extreme  clearnefs  which  its  principles 
capable  of  throwing  on  the  phenomena  of  na- 
ture and  of  art,  can  be  properly  afcertained. 

In  the  twelfth  article,  I rapidly  announce 
the  general  properties  of  the  metallic  acids« 
Among  the  twenty-one  known  metals,  four 
only  are  capable  of  being  acidified.  Thefe 
acids,  analogous  to  the  feven  preceding  in  the 
nature  of  their  compofition  which  is  well 
known,  are  here  compared  to  them  only  in  their 
properties  ; I diftinguifh  thefe  from  the  others 
by  their  pulverulent  ftate,  their  hardi  and  me- 
tallic tafte,  their  very  eafy  decompofition,  the 
flight  folubility  of  moil  of  them,  their  fpeedv 
return  to  the  ftate  of  oxides,  the  ftate  which 
conflantly  precedes  their  acidity.  Thefe  four 
acids  are  only  announced  in  the  prefent  article, 
defigned  to  complete  the  feries  of  fuch  of  thefe 
compounds  as  are  well  known  by  anal  y lis  and 
fynthefis.  Their  detailed  hiltory  muft  be  re- 
fumed in  the  feCHon  particularly  confecrated  to 
metallic  fubftances. 

The  thirteenth  article  commences  another 
• feries  of  acids,  approaching  to  the  preceding  in 
the  greater  number  of  their  properties,  but 
which  neverthelefs  differ  from  them  Angularly 
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by  their  unknown  nature,  by  the  impoffibility* 
as  far  as  has  hitherto  been  experienced,  of  de- 
composing and  recompofmg  them  completely. 
The  muriatic  acid,  the  particular  fubjedt  of  the 
article  of  which  I fpeak,  is  placed  at  the  head 
of  this  Series,  becaufe  it  approaches  thofe  which 
precede  it  by  the  energy  of  its  attractions. 
Hitherto  it  has  always  been  reckoned  among 
the  mineral  acids,  and  being  almoft  constantly 
alfociated  with  the  nitric  acid,  it  was  formerly 
regarded  as  one  of  its  modifications,  as  well  on 
account  of  many  of  its  effects,  as  its  coexistence 
with  that  acid  in  the  fame  places.  Accordingly 
in  former  times  it  bore  the  name  of  aqua  fortis 
like  the  latter  acid  ; and  a trace  is  Still  perceiv- 
ed of  that  denomination  in  the  title  of  dljtillers 
of  aqua  fortis , applied  to  thofe  who  prepare 
both  acids.  In  the  hiftory  of  the  muriatic 
acid  I have  followed  the  fame  order  as  in  thofe 
of  the  preceding  acids.  The  various  names 
which  it  has  had  at  different  times,  the  art  of 
extracting  or  of  obtaining  the  muriates,  its  two 
Slates  gafeous  and  liquid,  the  phyfical  and  che- 
mical properties  of  its  gas  and  of  its  Solution 
in  water,  its  Specific  a biion  on  certain  oxides  and 


on  the  nitric  acid  ; certain  ideas  concerning 
its  intimate  nature  and  its  ufes,  Succeed  each 
other  in  this  article. 

Since  the  imprefllon  of  this  part  of  my  work. 
Citizen  Berthollet  has  published  in  a memoir 
read  to  the  National  Institute,  a Series  of  expe- 
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the  muriatic  acid,  from  which  it  fhould  follow 
that  that  acid  is  compofed  of  azote,  of  hidro- 
gen,  and  of  oxigen.  He  has  obferved  that, 
in  many  cafes,  where  the  nitric  acid  is  decom- 
pofed  at  the  fame  time  with  water,  muriatic 
acid  is  formed  ; and  he  has  particularly  hated 
as  the  principal  circumftances  of  that  forma- 
tion the  decompofition  of  nitre  by  heat,  the 
abforption  of  nitrous  gas  by  the  folution  of  the 
fulphate  of  iron,  and  the  folution  of  iron  in  the 
nitric  acid,  when  filings  of  iron  are  added  to  it 
a fécond  time.  He  ufes  the  folution  of  the  ni- 
trate of  filver  poured  upon  the  fluids  afforded 
by  the  experiments  indicated,  to  prove  the  pre- 
fence of  the  muriatic  acid  formed,  by  the  pre- 
cipitate of  muriate  of  filver  which  it  produces  : 
but  thefe  experiments  muft  yet  be  regarded  only 
as  notions  proper  to  open  the  way  to  the  know- 
ledge of  the  muriatic  acid,  and  they  are  not 
fufficient  to  decide  the  nature  of  that  acid.  I 
adopt  this  refult,  1ft,  becaufe  the  quantity  of 
muriatic  acid  which  may  be  fuppofed  to  be 
formed  under  thefe  circumftances  is  fo  fmall, 
that  it  can  not  be  appreciated  ; 2d,  becaufe 
there  is  no  proportion  between  the  very  fmall 
quantity  of  acid  formed,  and  the  great  quan- 
tity of  materials  which  are  employed  to  form 
it;  3d,  becaufe  even  this  fmall  proportion  of 
acid  which  is  thought  to  be  formed  may  very 
eafily  have  been  precipitated  from  the  matters 
employed,  and  have  efcaped  the  firft  refearches  ; 
4th,  becaufe  there  is  nothing  in  the  experi- 
Vol.  L ‘ 2:  ments. 
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merits  which  can  explain  the  relative  proportions 
of  the  three  principles  admitted  as  compoftrfg 
the  muriatic  acid  ; 5 th,  becaufe  there  is  not 
yet  any  fa6t  known  concerning  the  decompoft- 
tion  of  that  acid,  which,  as  a ternary  com” 
pound,  fhould  feem  to  be  much  more  decom- 
pofable  than  it  really  is.  To  thefe  fir  ft  reafons 
I add  that  Citizen  Berthollet  does  not  yet  ap- 
pear to  be  fully  convinced  of  the  refult  of 
his  inquiries  in  that  refpeét,  becaufe  he  has  not 
yet  given  them  the  publicity  which  fuch  a dis- 
covery is  entitled  to,  on  account  of  the  great 
influence  it  would  have  on  all  the  branches  of 
chemiftry.  It  may  therefore  be  concluded 
from  thefe  confiderations  that  the  nature  of 
the  muriatic  acid  is  not  yet  known,  and  that  it 
is  ftill  in  the  clafs  of  compounds  of  which  the 
analyfis  has  not  yet  been  made. 

After  the  muriatic  acid,  in  the  fourteenth 
article,  comes  the  oxigenated  muriatic  acid  ; 
an  acquilition  ftill  new  in  chemiftry.  It  is  to 
the  French  chemifts  that  we  are  indebted  for 
the  true  knowledge  of  this  body  which  is  be- 
come one  of  the  moftt  powerful  and  the  mod 
ufeful  agents  that  can  be  employed  in  analytic 
procédés.  In  all  the  properties  which  charac- 
terize the  muriatic  acid,  there  is  none  which  dif- 
tinguifhes  it  more  eminently  from  all  the  other 
acids,  than  that  of  being  able  to  decompofe 
many  burned  bodies,  and  take  from  them  a por- 
tion of  their  oxigen,  with  which  it  combines. 
In  this  combination  it  acquires  new  qualities 
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which  I defcribe  in  my  ordinary  method  in 
that  article,  that  is  to  fay,  placing  it  in  contact 
with  all  the  bodies  examined  befote  in  the  order 
in  which  I have  confidered  them.  I examine 
its  hate  of  gas,  its  liquid  hate,  and  its  folid 
cryftalline  hate.  I prefent  it  as  decompofable 
by  light  ; abfing  on  the  greater  part  of  com» 
buftible  bodies  as  a powerful  oxigenant  ; unit- 
ing difficultly  with  water,  and  differing  much 
in  that  refpecf  from  muriatic  acid,  which  dif- 
engages  it  from  that  combination  ; defiroying 
by  its  oxigenating  effect  a great  number  of 
colours  and  of  odours  ; abfing  rapidly  on  our 
organs  in  a mariner  analogous  to  that  of  feveral 
other  morbific  caufes  ; prefenting,  in  a word, 
to  chemifts  a fpecies  of  reagent,  which  may  be 
confidered  as  air  extremely  condenfed,  or  oc- 
cupying a very  fmall  volume.  Laftly,  I indi- 
cate its  principal  ufes,  and  announce  that  it  will 
hereafter  become  one  of  the  molt  powerful 
means  which  medicine  can  employ  to  combat 
many  fevere  difeàfes. 

The  two  laft  articles  of  the  third  feblion,  the 
fifteenth,  and  the  lixteenth,  treat  of  the  fluoric 
and  boracic  acids,  ftill  unknown  in  their  con- 
ftituent  principles,  and  forming  with  it  the 
fhort  feries  of  three  unknown  acids.  Thefe  are, 
in  other  refpebfs,  very  diftinguifhable  from  all 
the  other  acids  with  which  feveral  chemifts 
have  in  vain  endeavoured  to  compare  them  by 
their  intimate  nature  or  the  pretended  analo- 
gies of  their  properties. 
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The  firfi,  the  fluoric,  confidered  in  the  ftate 
of  gas,  and  tinder  the  liquid  form,  prefents  it- 
felf  well  characterized  by  its  odour,  its  weight, 
its  act  ion  on  the  hard  hones  and  on  glafs,  its 
weaknefs  compared  with  the  adtivity  of  many 
of  the  preceding  acids,  its  total  inactivity  with 
regard  to  combuftibie  bodies,  as  well  as  its  in- 
alterability  and  the  refiftance  which  it  oppofes 
to  their  reaction. 

The  fécond,  the  boracic  acid,  one  of  the 
weakefi;  of  all,  is  diftinguifiied  principally  by 
its  folid  and  cryftalline  form,  the  weaknefs  of 
its  tafte  and  of  its  attractions,  its  fixity  and 
vitrifi ability,  its  fparing  folubility  in  water, 
and  its  exerting  no  adtion  on  the  fimple  com- 
buftibles.  In  the  defcription  of  all  its  proper- 
ties, I have  not  forgotten  to  mention  the  fruit* 
lefs  attempts  which  have  been  hitherto  made 
to  difcover  the  nature  of  this  acid,  or  the  opi- 
nion of  a modern  philofopher  who,  agreeing 
in  that  refpedt  with  certain  ancient  notions, 
conftders  it  as  a modification  of  the  muriatic 
acid. 

The  outlines  which  I have  here  drawn  of  the 
order  which  I have  adopted  to  explain  the 
properties  of  burned  bodies,  oxides,  or  acids, 
for  the  relative  arrangement,  as  well  as  the  hif- 
tory.of  each  in  particular,  will  fiiew  when  com- 
pared with  the  difpofition  of  all  the  treatifes 
hitherto  written  that  none  of  them  refembles 
mine  ; that  this  part  forms  an  entire  whole 
which  has  not  till  now  exifted  in  the  fcience  ; 

that 
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that  every  object  is  here  connected  by  rela- 
tions of  which  the  pneumatic  dodtrine  alone 
could  afford  the  notion  and  the  materials  ; that 
the  new  fabts,  owing  for  the  molt  part  to  mo- 
dern difcoveries,  are  here  connected  with  the 
ancient,  and  in  a mutual  dependence  on  each 
other  ; that  the  alterations  as  well  between  the 

* ff 

conftituent  principles  of  thefe  burned  bodies, 
as  between  their  entire  compounds  and  other 
bodies,  form  the  bafe  of  their  claffificatioii  ; 
laftly,  that  from  all  thefe  united  confiderations 
there  flows  an  agreement  between  the  feveral 
truths  which  cannot  fail  to  ftrike  the  minds  of 

* ..»  * ■ * t,  à j ' ■ i. 

ftudents  and  give  the  moil  accurate  and  dura- 
ble impreffion. 


NOTICE  OF  THE  FOURTH  SECTION, 

Concerning  the  Salifiable  Bafes,  the  Earths  and 

Alkalis . 

X. 

The  title  of  the  fourth  feblion  is  : Concern- 
ing the  Salifiable , Earthy , and  Alkaline  Bafes . 
It  is  in  fabt  employed  upon  the  chemialc  hiftory 
of  the  earths  and  of  the  alkalis,  matters  which 
cannot  be  treated  elfewhere  than  in  the  fequel 
of  the  acids,  becaufe  they  have  great  affinity 
with  them  ; becaufe  they  are  almoft  all,  and 
alinoft  always,  found  united  to  thefe  compounds; 
becaufe,  in  Ihort,  they  form,  in  thefe  combina- 
tions, the  moft  frequent  products  of  nature  and 
* of 
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of  art,  of  whofe  exiftence  and  characters  it  is 
impoffible  to  be  ignorant  of  without  being  de- 
prived of  the  mod  important  refources  of  the 
fcience. 

It  has  been  already  iliown  that  the  earths  and 
the  alkalis  form  the  third  clafs  of  bodies  con- 
fidered  chemically  ; that  the  greater  part, 
though  undecompofed,  announce  to  chemifts, 
who  frequently  treat  them  in  their  operations, 
and  by  k fufficiently  great  number  of  phenome- 
na, an  order  of  competition  much  more  manifed 
than  can  even  be  fufpecled  in  the  undecompofed 
matters  forming  the  fird  clafs.  I /hall  here  add 
to  this  general  notion,  that  the  more  we  ad- 
vance and  the  more  progrefs  we  make  in  the 
examination  of  earthy  and  alkaline  fubdances, 
the  more  the  fuppofition  of  their  competition  is 
ftrengthened,  whereas  the  idea  of  timplicity 
always  obtains  further  confirmation,  and  is  in- 
creafed  in  proportion  as  the  properties  of  bo- 
dies of  the  firft  clafs  are  better  underftood. 

The  earths  and  the  alkalis  are  here  named 
falifiable  bcifes  after  Lavoifier,  becaufe  their 
moil  eminent  property,  their  rood  definite  cha- 
racter is  exhibited  in  the  tendency  which  they 
have  to  form  fills  by  their  union  with  the 
acids  ; becaufe  there  are  no  faits  properly  fo 
called  without  that  union,  and  confequently 
without  their  prefence  ; and  laftly,  becaufe  they 
determine  the  faline  formation  and  nature  by 
that  combination. 
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This  fourth  fedtion  is  divided  into  fourteen 
articles. 

In  the  hrft,  I confider  the  falifiable  bafes  in’ 
general  ; I give  an  extenfive  definition  of  them, 
I prefent  their  claffification,  and  I fpeak  of  the 
earths  in  particular.  After  having  defined  thofe, 
and  explained  in  what  their  earthy  charadler 
conhfts,  I prove  that  the  ancient  notion  con- 
cerning an  elementary  earth  is  an  abfolute  chi- 
mera ; and  that  the  more  progrefs  is  made  in 
the  ftudy  of  the  earths,  the  more  their  number 
is  found  multiplied.  I then  difting'uifh  fix 
earthy  matters  very  different  from  each  other 
and  well  charadterized  : I divide  them  into  arid 
earths  or  earths  properly  fo  called,  to  tli-e  num- 
ber of  four  fpecies,  filex,  alumine,  zircone  and 
glucine,  and  alkaline  earths,  of  which  two  fpe- 
cies are  known,  maghefia  and  lime.  Their  re- 
fpedtive  difpofition  is  founded  on  their  attrac- 
tion for  the  acids,  in  fuch  a manner  that  the 
hr  ft  of  them  fs  the  leaft,  and  the  latter  the  inoft 
attradled  by  them.  By  announcing  their  na- 
tural exiftence  in  the  ftony  compounds,  from 
which  the  art  of  the  chemift  extradas  them,  I 
have  remarked  that  none  of  them  are  yet  known 
in  their  intimate  nature,  their  decompofttion 
and  their  principles. 

The  fécond  article  treats  of  filex,  of  its  dif- 
ferent names,  its  hiftory,  its  exiftence  in  na- 
ture, its  extradlion  and  purification  by  art,  its 
phyfical  properties,  the  manner  in  which  it  is 
adted  on  by  all  the  bodies  formerly  examined, 

and 
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and  its  numerous  ufes.  Its  folution  in  water 
and  the-  acids,  and  a great  number  of  phe- 
nomena which  depend  on  it,  are  particularly 
treated,  though  they  have  been  neglected  by 
moft  fy hematic  authors.  The  ancient  opinion 
of  the  chemifts,  who  regard  fdex  as  an  earthy 
element,  and  the  common  fource  of  all  other 
earths,  is  but  ‘(lightly  indicated,  becaufe,  in  the 
actual  hate  of  our  knowledge,  that  opinion  lofes 
every  day  its  force  and  its  probability. 

Alumine,  which  forms  the  fubject  of  the 
third  article,  is  treated  with  hill  more  detail 
than  filex,  though  in  the  fame  order  and  me- 
thod. It  prefents  a feries  of  chemical  phenome- 
na more  remarkable  than  the  preceding  earth, 
on  account  of  its  great  alterability  and  its 
hronger  attractions.  I have  fucceffively  de- 
feribed  the  manner  in  which  it  is  acted  on  by 
heat,  air  and  water;  its  affinities  with  the  ox- 
ides and  the  acids  ; its  adherence  to  carbone, 
which  produces  the  fpecies  of  com-buftible  fof- 
fil,  fo  difficult  to  b&rn,  named  anthracite  by 
the  French  mineral ogihs,  to  dihinguilh  it  from 
pit-coal,  properly  fo  called.  I (hew  in  what 
refpeéts  the  ftudy  and  the  well-known  proper- 
ties of  this  earth  have  influenced  the  progrefs 
of  fcience  and  the  arts  which  it  direfts,  and  I 
terminate  this  article  by  exhibiting  the  multi- 
plied nies  to  which  alumine  is  applied  in  foci- 
efy. 

The  fourth  article,  which  treats  of  zircone, 
is  much  (horter  and  contains  fewer  details  than 
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the  two  preceding,  becaufe  this  earth,  known 
only  fince  1793,  has  not  been  yet  examined,  but 
by  few  chemifts.  After  having  defcribed  the 
means  of  obtaining  it  from  the  zircone,  the  jar- 
gon, and  the  hyacinth,  I enumerate  its  phylical 
characters  and  chemical  properties,  particularly 
its  alteration  by  caloric,  its  general  combina- 
tion with  the  acids,  and  its  differences  from 
filex  and  alumine. 

Glucine,  the  fubjeCt  of  the  fifth  article,  dif- 
covered  by  Citizen  Vauquelin,  four  years  after 
the  zircone,  is  ftill  lefs  known.  I firft  give  the 
hiftory  of  its  difcovery,  then  the  reafon  of  its 
denomination  from  its  fweetilh  talte,  and  how 
its  combinations  with  the  acids  are  formed  ; 
thence  I pafs  to  the  procefs  of  its  extraction, 
and  defcribe  its  phyiical  and  chemical  proper- 
ties, and  more  efpecially  its  attractions,  which 
diftinguiih  it  from  all  the  other  earths.  As  to 
its  ulcs,  it  may  be  imagined  that  there  are  none 
yet,  as  well  on  account  of  its  fmall  quantity, 
as  becaufe  it  is  yet  very  little  known;  I indi- 
cate however  what  we  may  hope  for  hereafter. 

Long  after  the  impreffion  of  that  article  and 
of  the  feetion  of  my  work  of  which  it  forms  a 
part,  we  were  informed  in  France  (only  in  mef- 
fidor  of  the  8th  year,  July,  1800)  of  a new 
fpecies  of  earth  very  analogous  to  glucine,  dif- 
covered  three  years  before  it,  in  17.94,  by  M. 
Gadolin,  a Swedifh  chemift.  This  difcovery 
has  been  fince  confirmed  by  M.  Ekcberg,  who 
has  named  the  new  earth  yttria , from  that  of 
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ytterby  given  to  the  hone  from  which  it  is  ex- 
tracted, after  the  place  where  it  is  found.  Ci- 
tizen Vauquelin  has  fent  me  the  analyfis  which 
he  has  made  of  this  hone,  and  the  examination 
of  the  particular  earth  which  he  has  obtained. 
The  following  is  the  refult  of  his  labour. 

Ytterby  or  Gadolinite  has  a black  colour, 
and  its  powder  is  of  a blackifh  grey,  its  frac- 
ture vitreous.  Its  fpecific  gravity  is.4,097  ; it 
acts  on  the  magnetic  needle.  When  expofed 
to  the  blow-pipe,  it  breaks  in  fcales  or  f \U li- 
ters, and  leaves  a white  matter  which  is  not 
fufible.  When  heated  with  borax,  it  is  fufed, 
and  affords  a button  of  a violet  yellow.  In  the 
crucible  it  lofes  0,08  of  its  weight,  and  becomes 
red  like  ochre.  Strong  acids  attack  and  reduce 
it  into  a fpecies  of  greyifh  jelly  : this  jelly  eva- 
porated to  drynefs  and  walked,  leaves  filex  in 
white  powder.  The  dilfolved  part  contains  iron 
and  the  new  earth  ; the  nitric  acid  by  evapo- 
ration lets  fall  filex  and  the  oxide  of  iron.  The 
nitric  folution  of  the  earth  which  remains  after 
the  walkings  of  the  evaporated  matter  is  mixed 
with  a little  lime  and  manganefe  ; ammonia  fe- 
parates  from  it  the  earth  in  queftion,  together 
with  a little  manganefe.  By  re-dilfolving  thefe 
two  fubftances  in  the  nitric  acid,  the  manga- 
nefe  is  feparated  by  the  hidro-fulphuret  of  pot- 
alh  which  leaves  the  earth;  this  is  obtained  by 
the  addition  of  ammonia.  By  thefe  proceffes, 
as  well  as  by  fufion  with  potalh,  folution  in 
water,  evaporation  which  feparates  the  manga- 
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nefe  and  fubfequent  treatment  with  the  nitric 
acid,  Citizen  Vauquelin  has  been  enabled  to 
find  in  ytterby  or  Gadolinite  the  following 
matters  : 


Silex  ..... 
Oxide  of  iron 
New  earth  or  yttria 
Oxide  of  magnefia  . 2 


Lime 2 

Lofs  .....  11 


Q 


in  carbonic  acid 
and  in  water. 


1 1 


The  earth  thus  extracted,  or  yttria,  is  white 
and  fine  ; it  has  neither  tafte  nor  fmeil  ; is  in- 
fufible  ; forms  with  borax  a white  glafs  ; is  not 
foluble  in  the  cauftic  fixed  alkalis,  which  dif- 
tinguifhes  it  from  alumine  and  from  glucine  : 
it  is  foluble  in  the  carbonate  of  ammonia,  like 
glucine  ; but  it  requires  five  or  fix  times  more 
of  that  fait  than  this  laft.  The  fulphuric  acid 
combines  with  it  by  heat,  and  is  quickly  preciph 
tated  in  (mail  brilliant  cryftals,  flightly  foluble 
in  water.  The  fulphate  of  yttria  is  afiringent, 
and  afterwards  fweet  like  fait  of  lead  : its 
take  differs  little  from  that  of  the  fulphate  of 
glucine,  and  it  requires  fifty  parts  of  cold  wa- 
ter to  diffolve  it.  The  nitrate  of  yttria  is  fweet, 
very  deliquefcent,  incryftallizable  ; inftead  of 
drying  by  heat,  it  fufes  or  becomes  foft  like 
honey  ; by  drying  it  becomes  folid  and  brittle 
like  a hone  : the  fulphuric  acid  precipitates 
cryftals  from  the  folution.  The  muriate  of  this 
earth  poffeffes  properties  very  analogous  to  thofç 
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of  the  nitrate.  Ammonia  precipitates  yttria 
from  thefe  three  acids  ; the  oxalic  acid  alfo 
feparates  it,  forming  a heavy  dcnfe  precipitate 
like  the  muriate  of  filver  : this  laft  phenome- 
non dif  inguifhes  it  ftrongly  from  glucine,  which 
forms  with  the  oxalic  acid  a very  foluble  fait. 
It  is  alfo  dif  inguillied  by  the  precipitation  of 
the  faits  of  yttria  by  the  pruffiate  of  potafh, 
which  does  not  precipitate  the  faits  of  glucine  : 
it  appears  to  have  more  attraction  than  this  I aft, 
at  leaf;  for  feme  acids.  The  companion  of  its 
properties  led  Citizen  Vauquelin  to  admit  a 
real  difference  between  yttria  and  glucine,  and 
to  place  the  former  among  the  dif  in6t  earths. 

Magnefia,  the  fubject  of  the  fixth  article, 
begins  to  exhibit  alkaline  properties,  and  to  dif- 
fer, in  this  refpeht,  from  the  four  preceding 
earths.  Confounded  for  a long  time  with  the 
abforbent  earths,  on  account  of  its  property  of 
uniting  eafly  with  the  acids,  I fhew  in  what 
manner  it  was  dif  inguifhed  by  Hoffman  and  by 
Black.  Its  different  fates  in  nature,  the  art  of 
obtaining  it  pure,  its  external  charahters,  the 
action  which  caloric,  air,  certain  combuf  ibles, 
water  and  the  acids  produce  on  it,  its  combi- 
nation alfo  with  the  four  preceding  earths,  fuc- 
ceffively  engage  my  defeription.  I fhew  that 
its  intimate  nature  or  conf  ituent  principles  are 
no  more  known  than  thofe  of  all  the  other 
earthy  matters  ; and  laf  ly,  I announce  its  ufes 
and  application  to  the  medical  art. 
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The  feventh  article,  one  of  the  moft  remark- 
able of  this  fourth  fedtion,  prefents  the  hiftory 
of  lime.  The  details  configned  to  this  article 
correfpond  with  the  importance  of  the  matter 
which  forms  its  fubjedt.  Little  known,  and  the 
fource  of  great  errors  even  till  the  middle  of  the 
eighteenth  century,  lime  has  become,  fmce  the 
laft  revolution  of  chemiftry,  one  of  the  moft 
valuable  agents  which  can  be  employed  in  ac- 
curate experiments.  I fucceffively  trace  the 
hiftory  of  the  principal  difcoveries  which  relate 
to  it,  its  natural  hiftory,  its  preparation  by 
burning  and  by  the  proceffes  of  the  chemifts, 
its  alterability  by  heat,  by  air,  its  important 
combinations  with  phofphorus,  fulphur,  and  hi- 
drogen,  its  adtion  on  water,  and  that  of  this 
liquid  upon  it,  the  properties  of  its  aqueous  fo- 
lution,  or  of  the  water  of  lime,  its  attractions 
compared  with  thofe  of  the  other  bafes  for  the 
acids,  its  union  by  means  of  heat  and  water 
with  filcx  and  alumine.  By  explaining  the  dif- 
ferent opinions  of  chemifts  and  of  naturalifb 
concerning  its  intimate  nature,  I prove  that 
nothing  is  yet  known  on  this  fubjedt,  and  that 
whatever  has  been  faid  concerning  its  compo- 
fition  is  intirely  hypothetical.  I enumerate  the 
very  many  ufes  to  which  this  earth,  the  moft 
approaching  to  the  alkalis,  is  emplyed  in  - a 
number  of  circumftances,  either  for*  the  treat- 
‘ ment  of  difeafes,  for  the  culture  of  the  fields 
and  ruraheconomy,  or  in  the  very  extenfive  lift 
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of  arts  where  it  is  very  beneficially  appli- 
ed. 

The  eighth  article,  which  bears  for  title  con- 
cerning alkalis  in  general , explains  the  origin 
of  that  word,  the  alkaline  characters  and  the 
enumeration  as  well  as  claffification  of  their 
bafes.  I there  Ihew  why  I have  rejected  the  let- 
ter k from  that  word,  and  I have  fubftituted 
the  c ; I announce  that  two  of  the  bafes  hither- 
to clafied  among  the  earths,  namely,  barytes 
and  ftrontian,  will  hereafter  become,  according 
to  my  method,  part  of  the  genus  of  alkalis,  of 
which  the  number  is  thus  increafed  to  five  ; I 
difpofe  them  according  to  the  order  of  their  at- 
traction for  the  acids,  beginning  with  the  molt 
powerful  alkali  ; I place  in  fucceffion  barytes, 
potafh,  foda,  ftrontian  and  ammonia.  Barytes 
and  firontian  become  truly  the  two  fixed  alka- 
lis, beeaufe  they  refift  fire  much  more  than  pot- 
afh or  foda.  I mention  the  fimilitude  of  the 
attraction  of  the  alkalis  with  thofe  of  the  earthy 

<v 

bales  ; I indicate  their  ftates  in  nature  the  ge- 
neral mode  of  their  combinations,  their  inti- 
mate compofition  ftill  unknown,  except  merely 
in  the  fpecies  of  ammonia;  I explain  alfo  the 
views  which  I firft  entertained  concerning  the 
confiant  prefence  of  azote,  as  the  alkalifying 
or  alkalizing  principle  ; but  I have  taken  care 
not  to  prefent  them  otherwife  than  hypotheti- 
cal notions  which  ought  to  be  regarded  as 
fuch,  till  more  accurate  experiments  than  thofe 
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which  have  hitherto  been  made  fliall  have  peu* 
mitted  us  to  fpeak  decidedly  in  this  refpeCL 

The  ninth  article,  appropriated  to  barytes, 
comprehends,  after  my  ordinary  method,  its  fy- 
nonymy,  its  hiHory,  its  Hate  in  nature,  its  pre- 
paration, its  phvfical  properties,  the  effects 
which  it  experiences  on  the  part  of  light,  of 
caloric,  of  air,  its  union  with  phofphorus  and 
fulphur  as  well  as  with  fulphurated  hidrogen, 
its  habitudes  with  water,  the  oxides  and  the 
acids,  and  its  aCtion  on  the  earths,  I treat 
largely,  1 ft,  of  the  hidro-fulphuret  of  barytes, 
a fpecies  of  combination  newly  difcovered  ; I 
defcribe  three  kinds  of  compounds  formed  by 
this  bale  with  fulphur,  fulphurated  hidrogen,  or 
thefe  two  bodies  at  once  ; namely,  the  fulphu- 
ret,  the  hidro-fulphuret,  and  the  hidro-fulpliu- 
ratcd  or  hidrogenated  fulphuret  of  barytes,  be- 
caufe  the  fame  triple  combinations  are  found 
among  all  the  alkalis,  and  becaufe  they  are  of 
much  intereft  in  the  actual  Hate  of  the  fcience; 
2d,  on  the  extinction  of  barytes  in  the  air,  which 
is  much  more  lively  than  that  of  lime  ; 3d,  on 
the  folution  of  barytes  in  water,  more  plentiful 
by  heat  than  in  the  cold,  and  on  the  cryftalli- 
zation  of  this  article  ; 4th,  on  its  combination 
with  the  earths,  which  may  be  advantageous  in 
the  analyfis  of  Hones  ; 5th,  on  its  firong  at- 
traction for  the  acids  ; 6th,  on  its  poifonous. ef- 
fects on  the  animal  economy. 

In  the  tenth  and  eleventh  articles,  I examine 
potafh  and  foda  with  equal  care,  and  Hill  greater 
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extent.  The  facts  which  relate  to  them,  all  of 
which  are  of  great  importance,  fmce  we  have 
learned  how  to  diftinguilh  thefe  alkalis  in  their 
flate  of  purity  from  their  combinations  with  the 
carbonic  acid,  which  formerly  palled  for  alka- 
lis, are  defcribed  methodically,  and  with  an  ex- 
tent which  correfponds  with  their  importance  ; 
I have  drown  that  potadr  is  not  an  alkali  ex- 
clufively  belonging  to  vegetables,  as  has  been 
believed  ; that  it  ex  ids  abundantly  among  fof- 
fils,  and  that  it  appears  to  pafs  from  them  into 
plants.  I explain  its  preparation  with  fome  de- 
tail, becaufe  this  fubjeCt  is  {till  dightly  treated 
in  fyftematic  works  on  clremiftry,  then  its  phy- 
sical and  chemical  properties,  enlarging  princi- 
pally on  its  combination  with  fulphur  and  ful- 
phurated  hidrogen,  on  its  union  with  water,  on 
its  attractions  for  the  acids,  on  the  compounds 
which  it  forms  with  certain  earths,  and  its  dight 
adherence  to  others,  on  the  ftill  hypothetical 
notions  which  we  are  permitted  to  entertain  of 
its  intimate  nature,  and  laftly,  on  its  ufes  and 
the  neceffity  of  augmenting  its  production  in 
France. 

The  fame  order  and  the  fame  care  are  adopt- 
ed concerning  foda;  its  fyonyma,  its  natural 
hiftory,  its  extraction  and  its  preparation,  its 
external  characters,  its  relations  to  light,  calo- 
ric,  air,  combuftible  bodies,  water,  the  oxides, 
the  acids  and  the  earths,  are  fucceffively  exa- 
mined. I have  principally  infilled  on  thofe 
properties -which  exclufively  belong  to,  and  dif- 
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and,  conftantly  occupied  with  particles  fo  fine 
and  delicate  that  they  ceafe  to  be  viftble,  he 
Wanders  far  from  the  natural  iff,  who  only  ob- 
ferves  the  regular  or  organic  aggregation  of 
bodies  in  potfeffion  of  their  form,  their  extent, 
and  all  the  properties  which  depend  on  the  per- 
fection as  well  as  the  permanence  of  their  com- 
pofition  or  ftructure. 

It  never  has  been  for  any  purpofe  but  to  make 
himfelf  underftood  with  regard  to  the  names  of 
the  bodies  of  which  he  had  to  fpéak,  that  the 
chemift  has  followed  the  methodical  diftindtions 
of  the  naturalifts  ; and  as  long  as  the  fcience  in 
its  infancy  did  not  permit  him  to  form  a particu- 
lar order,  he  could  in  fact  do  nothing  better  in 
order  to  avoid  fubftituting  fables  or  romances 
inftead  of  fadts  of  which  it  ftill  is  in  want* 
But  hereafter  his  heps  will  be  lefs  clofely  con- 
nected with  thofe  of  the  methods  of  natural 
hiftory,  Having  fucceéded  by  its  late  difco- 
veries  concerning  the  primitive  elements  of  bo- 
dies,-—on  the  evê  of  being  able  to  clafs  bodies 
after  their  intimate  nature  from  the  number  and 
proportion  of  their  conftituent  principles,  che- 
miftry  has  opened  a new  and  peculiar  courfe  ; 
and  its  method,  at  length  independent,  mu  ft 
fooner  or  later  become  the  leading  fcience  of 
many  Branches  of  nâtural  hiftory,  inftead  of 
continuing  to  be  its  fimple  acceffary,  as  it  ap- 
pears fo  long  to  have  done. 

By  comparing,  under  this  new  relation  of 
intimate  compofition,  all  the  bodies  in  nature 
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with  each  other,  for  the  purpofe  of  forming  â 
chemical  claftiftcation,  I have  found  that  they 
may  be  divided  into  eight  general  claftes,  with 
regard  to  the  difference  even  of  their  confti- 
tuent  principles. 

In  the  firft  clafs,  I have  placed  the  fnnple  bo- 
dies, or  at  leaft  fuch  as  have  not  yet  been  de- 
compofed  which  appear  in  our  experiments 
as  firaple  bodies.  Thefe  arc,  in  a great  mea- 
fure,  tlie  conftituent  elements  of  all  other  bodies. 
By  confidering  the  fubftances  which  belong  to 
this  clafs,  it  is  evident  that  thev  all  bear  rela- 
lion  to  combuftion,  fome  as  produds,  others  as 
conditions  and  moil  of  them  as  fubjecfs  to  that 
great  phenomenon. 

The  order  which  I have  adopted  thus  con- 
ducts us  very  naturally  and  very  methodically 
from  one  clafs  to  another,  becaufe  the  fécond 
clafs  comprehends  burned  bodies  or  thofe  of  the 
firft  clafs,  united  by  combuftion  to  one  of  the 
fubftances  alfo  placed  in  the  fame  clafs.  Thefe' 
burned  bodies  or  fpecies  of  binary  compounds 
which  form  the  fécond  clafs,  and  w hich  all  re- 
ferable each  other  by  their  nature,  as  combufti- 
bles  more  or  lefs  fatu  rated  with  a fimilar  prin- 
ciple, are  the  oxides  and  the  acids  with  iimple 
or  undecompoled  radicals,  which  were  formerly 
named  mineral  acids  : thev  exift  in  nature  as 

•j 

well  as  in  art. 

In  the  third  clafs  of  chemical  bodies,  and 
next  after  the  acids,  I place  as  matters  emi- 
nently capable  of  combining  with  thefe  lafg 
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and  which  by  indifpenfable  confequcnce  ap- 
proximate to  them,  the  earthy  and  alkaline 
fubftances,  which  I name  with  Lavoifier  fali fia- 
ble bafes,  on  account  of  the  property  which 
they  have  of  forming  faits  with  the  acids.  Bo- 
dies almoft  every  one  of  which  being  hitherto 
imdecompofed,  and  appearing  in  chemical  ope- 
rations as  fimple  fubftances,  though  many  ap- 
pearances announce  that  they  are  not  fucli 
their  place  according  to  my  method  is  necef- 
farily  determined  between  the  acids  and  the 
faits. 

The  fourth  clafs  includes  the  faits  or  che- 
mical compounds  of  acids  and  of  the  falihable 
bafes,  It  is  extremely  enriched  by  the  nume- 
rous difcoveries  made  during  the  laft  twenty- 
five  years.  Saline  bodies  form  at  prefent  one 
of  the  orders  moil  important,  the  moft  crowded 
with  fpecies,  the  heft  known,  and  which  is  the 
moft  ufeful  to  be  vrell  ftudied,  as  will  quickly 
be  feen. 

To  the  fifth  clafs  belong,  according  to  my 
method,  the  twenty-one  metallic  fubfcances  at 
prefent  known,  which,  though  indicated  and 
holding  neceffarily  a place  in  the  fir  ft  clafs, 
as  fimple  or  undecompofed  bodies,  have,  never- 
thelefs,  fo  great  an  importance  from  their  ex- 
cellent qualities,  from  the  numerous  prod u bis 
which  they  furnifh  to  the  arts,  from  their  great 
* ufe  in  fociety,  and,  in  fliort,  from  the  immenfe 
influence  which  their  chemical  examination  has 
had  on  the  progrefs  and  laft  revolution  of  the 
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fcience,  that  it  is  impoffible  to  refufe  to  them  a 
feparate  and  diftrnguiflied  rank  in  the  finely  of 
the  productions  of  nature. 

I compofe  my  fixth  elafs  of  bodies,  difpofec! 
after  their  chemical  properties  or  their  order  of 
compofition,  of  all  thofe  which  are  named  foffils 
or  minerals.  In  order  to  underhand  properly 
my  manner  of  proceeding  with  regard  to  thé 
fixth  elafs,  I mu  ft  obferve  that  the  greater  part 
of  the  fubfiances  ranked  in  the  five  preceding 
claffes  are  ufually  regarded  as  minerals,  and 
placed  as  fuch  in  mineralogical  divifions.  But, 
befides  that  many  of  them  exift  in  the  atmo- 
fphere  or  in  waters,  which  constitute  by  their  ma fs 
a fourth  kingdom  truly  diftinél  from  that  which 
is  named  the  mineral  kingdom,  it  is  certain  that 
moil  of  them  forming  in  effcét  a portion  of  the- 
ftrata  of  the  globe,  are  frequently  impure,  and  fo 
mixed  or  complicated,  that  ehemifts  cannot  treat 
them  in  their  natural  hate;  and,  in  order  to  de- 
termine  their  charaéîeriftie  properties,  it  is  ne- 
eeffary  to  purify  them,  which  they  effect  in  fuch 
a manner  as  to  give  them  a form  and  ftate  truly 
different  from  thofe  which  they  have  in  nature. 
On  the  other  hand,  foffils  or  minerals  which 
more  efpecially  comprehend  the  hones  and  the 
ores,  and  which  are  wrought  in  an  hundred  dif- 
ferent ways  for  the  aits,  without  being  molt 
frequently,  either  the  one  or  the  other,  com- 
prifecl  in  the  live  preceding  claffes,  at  leaf!  in 
their  fiate  of  purity,  require  neverthelefs  to  be 
confidered  as  compounds  eras  mixtures  of  thefe 
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matters,  and  deferve  to  be  fludied  apart  as  ule- 
fill  productions.  For  this  reafon,  I have  placed 
them  in  a feparate  clafs»  Betides  which  the 
complete  ftudy  and  detailed  hiftory  of  thefe 
bodies  conftitute  one  of  the  fpecial  applications 
of  chemiftry,  which  is  named  mineralogy  ; and, 
under  this  point  of  view,  they  appertain  to  che- 
mical theory  in  a general  way  only. 

The  feventh  clafs  of  bodies,  confidered  with 
regard  to  their  intimate  nature,  contains  the 
vegetable  organic  compounds,  of  a more  ad- 
vanced order  of  compofition  than  the  foffils. 
The  materials  of  plants  require  to  be  treated  in 
chemiftry  under  the  title  of  vegetable  com- 
pounds, much  rather  than  under  that  of  the 
vegetable  kingdom  ; a denomination  by  which 
the  ftudy  or  the  defcription  of  plants,  obferved 
with  all  their  organs  and  all  their  apparatus  of 
ftruchire,  without  deftroying  their  texture  and 
without  altering  their  compofition,  is  ufually 
defi  mated. 

O 

Laftly,  the  eighth  clafs  is  appropriated  to  or- 
ganic animal  compounds  ; thefe  in  the  order  of 
chemical  conlideration,  are  the  beings  moft 
complicated  in  their  compofition — thole  which 
muft  be  the  moft  difficult  to  underhand  as  to 
the  number  and  proportion  of  their  confti tuent 
principles,  thole  conlequently  which  it  is  proper 
to  ftudy  laft,  and  for  the  examination  of  which 
4 knowledge  of  all  the  others  is  neceffary. 

Thus  we  behold  all  the  produis  of  nature 
divided  into  eight  great  chemical  families,  (lift 
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pofed  in  the  order  of  their  compofition  or  of 
their  intimate  nature  ; from  thofe  which  appear 
to  be  formed  by  the  aggregation  of  the  infulated 
iirft  principles,  becaufe  they  do  not  admit  of  de- 
compofition,  unto  thofe  which  contain  the  great* 
eft  number  of  principles  in  their  compofition. 
They  are  placed  in  a feries  which,  by  feparating 
them  all  methodically,  neverthelefs  connects 
them  with  each  other,  and  gradually  conducts 
the  ftudent  of  their  properties,  from  the  rnoft 
Ample  and  the  moft  determinate  of  thefe  pro- 
ductions, to  thofe  which  are  moft  difficult  to  be 
known.  This  method  is  neither  factitious,  nor 
arbitrary  in  its  entire  progrefs  ; it  is  founded 
on  the  general  refults  of  all  the  experiments  of 
chenriftry  ; it  can  never  vary  but  with  regard 
to  fome  particular  bodies,  in  the  cafe  where  dif- 
coveries  ffiall  exhibit  compound  matters  among 
fubftances  reputed  to  be  Ample,  or  among  the 
compounds,  other  bodies  more  complicated  in 
their  compofition  than  have  formerly  been  be- 
lieved to  exift  there.  It  is,  in  ftiort,  a method 
which,  being  deduced  from  the  whole  mafs  of 
chemical  facts,  and  deftined  to  unite  the  fyftem 
into  one  aggregate,  leaves  exact  and  pofitive 
ideas  in  the  mind  refpecting  the  nature  of  all 
bodies. 

This  methodical  and  regular  divifion  of  na- 
tural prodiidtions  conftitutes  the  firft  founda- 
tion of  my  actual  fyftem  and  of  the  work 
which  prefents  the  whole.  But  as  the  exami- 
nation of  minerals  or  foffils  ought  not  to  be  here 
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treated  with  the  detail  which  a work  of  appli- 
cation would  demand,  I have  neither  confidered 
thefe  bodies  particularly,  nor  permitted  their 
elafs  in  a certain  manner  to  fublilt.  I have 
difpofed  thofe  portions  which  belong  to  the 
theory  of  the  fcience  in  the  different  factions 
of  this  work,  without  giving  them  the  extent 
which  would  be  required  to  conflitute  a mine- 
ralogy, properly  fo  called. 

The  whole  fyftem  of  chemical  fadts  included 
in  this  treatife  is  divided  into  eight  feet  ions  : 
the  following  is  an  enumeration  of  their  titles. 

FIRST  SECTION  : 

Bafes  of  chemical  lcience;  Generalities; 
Introduction. 

SECOND  SECTION  : 

Of  fimple  or  undecompofed  bodies. 

THIRD  SECTION  : t 

Of  burned  bodies,  oxides,  or  acids. 

FOURTH  SECTION! 

Of  earthy  or  alkaline  falifiable  bafes. 

FIFTH  SECTION! 

Of  acids  united  with  falifiable  bafes,  or  of 
earthy  and  alkaline  faits. 

%J 

SIXTH  section: 

Of  metals  in  particular. 

SEVENTH  SECTION: 

Of  organic  vegetable  compounds, 

EIGHTH  SECTION: 

Of  organic  animal  compounds. 

It  is  evident  that  feven  of  the  claffes  of  na- 
tural beings,  confidered  chemically,  form  fo 
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many  fedtions  of  the  fyftem  ; that  the  eighth 
clafs,  or  the  fixth  in  the  order  of  claffification 
which  I have  explained,  is  replaced  by  the 
fir  ft  faction,  confecrated  to  the  generalities  of 
the  fcience,  becaufe  the  fulfils  or  minerals  which 
c'ompofe  that  fixth  clafs  are  diftributed  into  the 
fécond,  third,  fourth,  fifth  and  fixth  fedtions, 
appropriated  to  explain  fubftances,  which  for 
the  moll  part  are  inclofed  in  the  globe  of  the 
earth  or  form  part  of  its  ftrata. 


NOTICE  OF  THE  FIRST  SECTION. 

Concerning  the  Generalities  of  the  Science ; 

THE  firft  fedtion,  as  an  introduction  to  the 
feven  following,  prefents  the  preliminary  no- 
tions of  chemiftry,  or  the  firft  principles  of  its 
ftudy. 

It  is  divided  into  twelve  articles  : 

The  firft  exhibits  the  definition  of  chemiftry, 
its  different  names,  its  relations  to  and  diffe- 
rences from  the  other  fciences  ; its  various  de- 
finitions and  denominations  are  difcufled  ; its 
place  in  the  philofophical  order  of  human  know- 
ledge is  affigned  ; an  explanation  is  given  to 
fhew  how  it  confiitutes  a fcience  diftinct  from 
phyfics,  from  natural  hiftory,  from  medicine, 
from  pharmacy,  and  even  from  the  mo  ft  im- 
portant and  moft  extenfive  of  the  chemical 
arts. 
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The  fécond  article  under  the  title  of  the  di- 
vifions  and  branches  of  chemiftry,  explains  in 
fome  degree  the  fpecies  which  this  kind  of 
fcience  includes,  general  or  philofophical  che- 
xniftry,  météorologie  chemiftry,  mineral  che- 
miftry, vegetable  chemiftry,  animal  chemiftry, 
medical  chemiftry,  economical  or  manufac- 
turing and  domeftic  chemiftry.  Each  of  thefe 
branches  may  be  regarded  as  one  of  its  appli- 
cations in  the  general  order  in  which  I have  be- 
fore conftdered  it. 

The  third  article  prefents  a rapid  hiftorical 
fketch  of  chemiftry;  unde»  fix  epochas  are  ex- 
hibited the  great  revolutions  which  it  has  ex- 
perienced ; the  names  and  principal  difeoveries 
of  men  who  have  founded  or  enriched  it  are 
given  ; and  the  origin  and  confolidation  of  the 
pneumatic  dodtrine  of  the  French  chemifts, 
which  appears  to  have  fixed  the  fate  of  ehe- 
miftry  for  fome  ages,  is  more  particularly 
ftated. 

The  fourth  article  treats  of  the  chemical  na- 
ture of  bodies  ; the  principles  which  chemifts 
have  admitted  at  différent  times  in  their  corn- 
pofition  ; the  opinions  of  the  ancient  philofo- 
phers  in  this  refpebt  ; the  ideas  of  Paracelfus, 
of  Becher,  of  Stahl,  the  more  accurate  difeo- 
veries of  modem  times,  the  different  fpecies  of 
compounds,  and  the  order  to  be  eftablilhed  in 
this  refpech  It  is  there  proved  that  the  four 
elements  of  Ariftotle  can  no  longer  be  admitted  ; 
that  the  primitive  elements  of  bodies  are  to- 
tally 
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tally  different  from  what  they  have  been  hither- 
to thought,  and  that  they  now  begin  to  be  ex- 
plained, after  the  long  and  antiquated  hypothe- 
cs which  have  alone  prevailed  in  the  learned 
world. 

The  fifth  article  confiders  the  analyfis  or  re- 
paration of  the  principles  of  bodies  by  the  pro- 
ceffes  of  chemiftry,  as  one  of  the  means  by 
which  that  fcience  arrives  at  its  object.  In 
this  place  I diftinguifh  a more  confiderable 
number  of  fpecies  of  analyfis  than  any  one  has 
formerly  done  ; I prove  that  the  accurate  and 
extenfive  ideas  which  may  be  acquired  in  the 
fcience  of  chemiftry,  depend  much  on  the  clear- 
nefs  of  thofe  notions  which  are  acquired  at  the 
commencement  of  the  ltudy,  and  that  it  is  very 
important  to  comprehend  all  the  refources,  all 
the  difficulties,  all  the  differences  which  exift 
in  each  kind  of  analyfis. 

v 

The  fixth  article  prefents  fimilar  confidera- 
rations  refpecling  fynthefis  or  combination,  the 
fécond  operative  means  of  chemiftry  ; it  may 
alfo  occur  more  frequently  than  the  former, 
which  has  long  been  confounded  with  it,  be- 
caufe  it  takes  place  at  the  fame  time,  and  be- 
cause it  alfo  produces  phenomena  the  moft  com- 
plicated and  the  moft  difficult  to  be  well  under- 
ftood,  of  any  which  the  operations  and  the 
experiments  of  chemiftry  afford. 

In  the  feventh  article,  wherein  the  lubjebt 
begins  to  be  more  complicated  than  in  the  fix 
tonner,  which  contain' only  a few  explanations, 
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fimple  and  eafy  in  their  objeCt,  refpecting  the 
nature  and  purpofe  of  the  fcience,  I enter 
more  deeply  into  the  fubjeCt  by  treating  of 
the  attraction  of  aggregation.  This  power, 
eftablifiied  by  nature  between  the  integrant  and 
homogeneous  particles  of  bodies,  caufes  them 
to  adhere  to  each  other  in  fuch  a manner  as  to 
give  them  a confidence  varied  according  to  its 
energy,  ought  to  be  well  known  to  the  chemifi, 
becaufe  he  muft  perpetually  combat  and  deftroy 
it  in  order  to  caufe  natural  bodies  to  undergo 
thofe  changes  and  modifications  which  are  lie* 
ceflary  to  the  refults  he  wifiies  to  obtain. 

In  the  eighth  article,  I trace  the  moil  gene- 
ral and  molt  remarkable  truths  concerning  the 
attraction  of  compofition,  which  chemifts  for- 
merly named  affinity . To  render  them  more 
finking  and  methodical,  I have  arranged  thefe 
truths  as  confiant  and  invariable  phenomena,— as 
the  lawrs  which  nature  has  impofed  in  the  union 
and  the  reparation  of  the  conftituent  particles 
of  compounds.  Habituated  during  fifteen  years 
to  demonftrate  the  exifience  of  eight  of  thefe 
laws  in  my  lectures  and  in  my  elements,  I have 
thought  it  necefiary  in  order  to  give  more  deve- 
lopment and  extent  to  thefe  proofs,  that  I tlioukl 
add  two  new  laws  as  general  and  as  important  as 
the  eight  former.  Long  experience  has  {hewn 
me  that  this  manner  of  ftudying  that  natural 
power  which  efieCts  all  the  chemical  actions  of 
analyfis  and  fynthefis,  is  much  preferable,  in 
the  fimple  enunciation  of  the  general  facts 
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which  characterize  it,  to  thofe  long  differ  tat  ions 
concerning  the  caufe  and  the  differences  of  that 
force,  which  only  fhow  the  imperfection  of  our 
knowledge,  or  tend  to  miflead  the  Undent  in  a 
labyrinth  of  fadts  without  order  and  without 
connexion. 

Since  the  impreffion  of  this  work,  Citizen 
Bertholiet  has  communicated  to  the  Inftitute  a 
long  memoir  concerning  the  chemical  affinities, 
lie  there  confiders  the  variations  to  which  they 
are  fubjedl  by  changes  of  the  mats  or  the  diffe- 
rent or  proportional  quantities  of  the  bodies 
which  he  caufes  to  aft  on  each  other.  He  iliews 
that  a fubftance  mixed  with  a compound  has 

9 

a different  action  on  it,  according  to  the  quan- 
tity in  which  it  is  employed  ; that  when  this  is 
augmented,  it  tends  to  effedt  a decompofition 
which  it  could  not  have  produced,  if  it  had 
been  in  fmaller  quantity  ; and  that  the  limits 
fixed  for  the  effects  which  take  place  among 
bodies  ought  accordingly  to  be  described  or 
indicated  only  from  the  determinate  propor- 
tions between  the  bodies  themfelves,  Thefe 
refearches,  though  very  ufeful  in  applications 
of  the  fcience  to  the  arts  in  which  it  tends  to  pro- 
duce conftant  effedts,  cannot  change  the  prin- 
ciples of  that  fcience  refpedting  the  chemical 
attradtions,  becaufe  the  laws  of  thefe  are  ex- 
plained upon  the  fuppofition  of  exadt,  conftant 
and  well  determined  quantities  as  well  as 
temperatures  and  in  circumftances  generally  de-* 
termined. 
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The  ninth  article  is  deftined  to  fhow  the  ex- 
i hence  of  the  chemical  phenomena  in  nature 
and  in  art.  As  the  only  aim  of  cliemiftry,  in 
its  ftudy  and  its  cultivation,  is  to  be  of  ufe  to 
men,  in  explaining  the  fecrets.  of  natural  phi- 
lofophy,  and  teaching  how  to  modify  the  pro- 
perties of  bodies  and  render  them  immediately 
ufeful  to  our  wants,  it  was  neceffary  to  explain 
that  the  whole  of  this  fcience  is  eftablifhed  on 
the  profound  knowledge  of  a force  which  agi- 
tates the  particles  of  bodies,  by  which  nature 
produces  great  part  of  her  phenomena,  and 
which  art,  by  imitating  nature,  knows  how  to 
put  into  action  to  appropriate  her  productions  to 
our  ufes.  It  was  neceffary  to  place  cliemiftry 
in  the  rank  which  it  ought  to  occupy  among 
the  phyfical  fciences,  and  to  affign  its  true  de- 
partment in  human  knowledge. 

The  tenth  article  contains  a concife  defini- 
tion of  the  principal  operations  of  cliemiftry. 
Though  this  work  does  not  embrace  the  practice 
or  manipulations  of  the  fcience,  becaufe  it  is 
folely  confecrated  to  the  explanation  of  the  in- 
tire  theory,  it  would  have  been  irapofiible  for 
me  to  make  myfelf  underftood  in  the  defcrip- 
tions  of  certain  experiments  which  I have  here 
inferted  in  many  articles,  without  this  prelimi- 
nary definition.  But  it  is  in  fact  only  a kind 
of  nomenclature  intended  to  explain  the  deno- 
minations which  it  is  perpetually  neceffary  to 
ufe  in  the  enunciation  of  chemical  properties. 
For  this  reafon  it  is  that  I have  comprifed 
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thirty-eight  different  operations,  though  it 
poffible  to  diminith  this  number  very  much  by 
Amplifying  and  generalizing  our  ideas  : how- 
ever this  was  not  my  object. 

In  the  eleventh  article,  I give  the  chemical 
claffilication  of  bodies,  which  I have  adopted, 
becaufe,  though  already  enunciated  in  this  diff 
courfe,  it  ought  neverthelefs  to  form  a part  of 
the  generalities  of  chemiftry,  and  becaufe  it 
forms  the  key  to  the  whole  connected  fyftem 
explained  in  the  work  itfelf.  This  divifion  or 
claflifi cation  of  bodies  is  treated  in  the  eleventh 
article  of  the  firit  fection,  rather  in  a different 
way,  in  a more  didactic  manner,  with  more 
precifion  and  clofenefs  than  I purpofe  to  ufe  in 
this  place  : it  is  there  connected  more  inti- 
mately with  the  whole  of  the  work  ; but  in  this 
article . it  forms  an  immediate  portion  of  it  ; 
being  a neceffary  fequel  and  an  indifpenfable 
portion  of  it. 

Laftly,  the  twelfth  and  laft  article  terminates 
the  lirft  fedtion  with  an  account  of  the  princi- 
pal bafes  of  the  new  nomenclature  adopted 
fmee  1787?  as  well  as  the  new  figns  or  charac- 
ters fubftituted  inftead  of  the  ancient  hierogly- 
phies.  I have  there  explained  how  the  prê- 
tent names  agree  with  the  facts,  how  they  fa- 
vour and  Amplify  the  ftudy  of  the  fcience  by 
their  clearnefs,  precifion,  and  agreement  with 
the  things  they  are  defigned  to  exprefs  ; I have 
there  delcribed  the  courte  which  lias  been  fol- 
lowed for  the  eftablithment  and  formation  of 
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that  nomenclature,  its  fpirit  and  its  principles, 
without  its  details  or  particular  terms.  I infift 
on  the  merit  of  the  language  to  which  it  has 
given  birth,  and  on  its  importance  to  the  ul- 
timate progrefs  of  chemiftry. 

fjs/t  ' . 7 . * 

NOTICE  OF  THE  SECOND  SECTION. 

Concerning  Jimple  or  midecompofed  Bodies . 

THE  fécond  fedtion  regards  the  nature  and 
chemical  properties  of  fimple  bodies.  It  in- 
cludes, as  may  be  feen,  the  hrft  clafs  of  bodies 
divided  chemically.  It  anfwers  in  fome  mea~ 
fure  to  what  the  ancients  named  principles  or 
elements,  becaufe  the  fubftances  which  are  there 
examined  are  not  decompofable,  and  becaufe 
they  truly  form  the  conftituent  principles  of  all 
the  compounds. 

Thefe  bodies  are  at  the  fame  time  the  firth 
the  moft  general  productions  of  nature,  and  the 
laft  products  or  extreme  terms  of  the  decomp  o-- 
fitions  effected  by  art.  As  natural  productions, 
they  are  for  the  moft  part  difperfed  over  the 
globe,  and  each  of  them  offer  a fort  of  vaft  re- 
fervoir  in  which  the  primitive  materials  of  all 
compounds  are  to  be  found.  As  the  ultimate 
products  of  decompohtion,  they  are  the  fub- 
jects  which  the  chemift  meets  at  every  ftep 
which  he  makes  in  his  courfe  of  analyhs.  In 
every  refpedt,  they  require  to  be  placed  and  ex- 
amined 
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amined  in  the  firft  rank  of  the  methodical  fé- 
riés of  bodies. 

This  fécond  feélion  of  the  chemical  fyftem* 
which  includes  the  hiftoty  of  fimple  bodies,  is 
divided  into  twelve  articles.  The  firfl  contains 
general  confiderations  refpecting  thofe  bodies, 
their  enumeration  and  their  claffification.  I 
there  remark  principally  that  all  fimple  or  un~ 
decompofed  bodies  (for  the  word  fimple  is  taken 
here  only  in  a relative  manner  and  has  in  it  no- 
thing abfolute,)  have  immediate  relations  to 
combuftion  \ that  they  belong  to  the  hiftory  of 
that  grand  phenomenon,  as  well  becaufe  they 
are  its  products,  as  becaufe  they  furnifti  its  gene- 
ral fupply,  and  reprefent  its  fubjeéts.  In  fact,  tlie 
greater  part  of  thefe  bodies  have  the  combuf- 
tible  property  ; one  of  them  is  conftantly  lixed 
and  precipitated  on  the  others,  whilft  they  burn  ; 
another  is  feparated  under  a double  form  during 
that  combuftion,  and  produces  what  is  univer- 
fally  called  fire.  Thus  then  the  whole  fécond 
feci  ion  of  my  fyftem  of  chemiitry  is  employed 
on  the  phenomenon  of  combuftion  ; fo  that  if 
its  title,  as  well  as  that  of  all  the  following;  fee- 
tions,  had  not  neceffarily  been  required  in  my 
method  to  exprefs  the  nature  of  the  bodies 
which  are  there  treated,  it  might  be  accurately 
termed  The  Hiftory  of  Combuftion. 

After  thefe  generalities  of  the  frit  article,  the 
eleven  following  articles  contain  fucceftively 
the  chemical  examination  of  the  eleven  genera 
of  fimple  bodies  ; namely,  light,  caloric,  oxi- 
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tinguifh  it  from  potafh,  with  which  not  half  a 
century  ago  it  was  ftill  confounded,  namely, 
its  particular  form,  its  great  fufibility,  its  dry- 
ing in  the  air,  after  its  ft  r on  g deliquefcenee,  its 
lefs  att  radii  on  for  acids,  its  analogy  with  ani- 
mal matters  in  which  it  is  fo  frequently  found 
combined,  and  laftly,  the  great  denfity  of  the 
faline  compounds  to  which  it  gives  birth. 

I fhall  in  this  place  hate  with  rapidity  an 
opinion  prefented  fome  months  ago  fubfequent 
to  the  impreffion  of  the  fécond  volume  of  my 
work,  concerning  the  peculiar  nature  of  alkalis 
and  of  alkaline  earths.  Citizen  Deformes, 
operator  of  chemiftry  in  the  polytechnic  fchool, 
and  a very  able  chemift,  has  thought  that  he 
has  difcovered  by  fome  experiments  that  hidro- 
gen  is  the  general  alkalifying  principle  ; that 
it  is  united  with  lime  in  potafh,  with  magnefia 
in  foda,  &c.  : — but  the  experiments  which  he  has 
ftated  are  very  far  from  being  fufficient  to  fup- 
port  his  opinion,  which  indeed  he  has  ad- 
vanced only  as  a fufpicion.  I fhall  obferve 
concerning  this  idea,  that  I was  the  fir  ft  who 
fufpected  and  indicated  the  prefence  of  lime  in 
potafh,  and  of  magneha  in  foda,  and  that  I do 
not  fee  in  the  fadls  announced  any  reafon  to  ad- 
mit hidrogen  any  more  than  azote  as  the  alkali- 
fying principle. 

The  twelfth  article  treats  of  ftrontian,  a bafe 
. difcovered  in  1793  by  M.  Klaproth  of  Berlin, 
wKich  he  has  confidered  as  an  earth,  and  was 
confounded  for  fevcral  years  with  barytes,  to 
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which  it  in  effect  approaches  in  many  of  its 
properties.  I rank  it  among  the  alkalis,  on  ac~ 
count  of  its  energy,  its  folubility,  its  cryftal- 
lizability,  and  its  attraction  for  the  acids,  which 
follows  that  of  foda,  and  precedes  that  of  lime. 
I have  fucceffively  prefented  the  hiftory  of  its 
difcovery,  the  methods  of  obtaining  it  pure 
from  two  of  its  natural  compounds,  its  plryfi» 
cal  characters  and  chemical  aCtion  on  all  the 
bodies  placed  before  it  in  my  claffificatiom  I 
have  ill  own  the  characters  which  diftinguilh  it 
from  barytes,  its  lefs  fpecific  gravity,  its  weak* 
er  folubility,  its  form  and  that  of  its  compounds, 
its  attractions,  its  phofpliorefcence,  the  purple 
colour  which  it  gives  to  flame  when  it  is  held 
in  folution,  its  inaCtion,  or  its  efteCt,  at  leaft 
not  poifonous  to  living  animals,  in  compa- 
nion to  the  deftruCtive  aCtion  of  barytes. 
With  regard  to  thefe  two  bafes,  which  appear 
to  be  confounded  or  only  to  differ  from  each 
other  by  certain  fhades  in  their  properties,  I 
have  defcribed  the  particular  art  of  obtaining 
them  in  a ftate  of  purity  and  of  caufticity  which 
was  long  unknown  to  chemifts,  and  which  con- 
fills,  according  to  the  difcovery  of  Citizen 
Vauquelin,  in  the  complete  decompofition  of 
each  of  their  nitrates  by  heat  in  doled  velfels. 

Ammonia  occupies  the  thirteenth  article. 
This  fpecies  of  alkali,  long  defcribed  by  the 
name  of  volatile  alkali,  fo  eminently  d iff  in- 
guiflied,  by  its  odour  and  its  eafy  converffon 
into  vapour,  from  the  two  alkalis  which  were 
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formerly  named  fixed,  is  fufceptible  of  affuming 
the  two  fiâtes,  gafeous  and  liquid,  and  of  per- 
mitting the  reparation  of  its  two  conftituent 
principles  by  the  reaction  of  many  burned 
bodies,  as  well  as  to  form  itfelf  by  the  union  of 
azote  and  of  hidrogen,  according  to  the  beau- 
tiful difcoveries  of  Scheele,  Bergmann,  and  prin- 
cipally of  Citizen  Berthollet.  Its  hiftory  re- 
quires many  more  details  than  that  of  the 
other  four  alkalis,  to  which  analyfis  and  fyn- 
thefis  are  ft  ill  equally  wanting.  I fucceffively 
examine  ammoniacal  gas,  and  ammonia  pro- 
perly fo  called,  or  in  the  liquid  fitate,  as  to  their 
phyfical  and  chemical  properties,  in  their  dif- 
ferent combinations  with  the  fimple  and  burned 
bodies,  in  their  artificial  decompofition  and 
formation.  By  infifting  on  the  abundance  of 
azote  in  this  ammoniacal  compound,  and  on  its 
eafy  decompofition  as  well  as  compofition,  I 
have  fhown  how  this  knowledge  acquired  in 
our  own  time,  concerning  the  nature  of  this  al- 
kali, the  only  one  at  prefent  well  determined  as 
to  its  principles,  throws  light  on  a great  num- 
ber of  chemical  phenomena  ; particularly  with 
relation  to  the  ammoniacal  faits,  to  animal  mat- 
ters, and  to  their  decompofition  by  heat  and  by 
putrefaction.  In  a word,  I give  to  this  article 
all  the  extent  and  the  importance  which  this 
fpecies  of  body  requires,  which  it  is  intended  to 
* explain.  It  is  one  of  thofe  in  which  will  be 
found,  on  pcrufing  it  with  the  attention  it 
defer ves,  the  molt  marked  difference  between 
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the  prefent  and  the  former  hate  of  chemibry  ; 
it  is,  in  fadt,  one  of  the  neweft  and  mod  ufeful 
in  the  whole  work,  for  conveying  information 
refpecting  the  fcicnce.  I mud  here  add  that, 
after  drawing  up  that  article,  Citizen  Vauque- 
îin  and  myfelf  had  occafion  to  obferve  in  liquid 
ammonia  the  property  of  coagulating,  of  freez- 
ing, and  even  of  crydallizing  in  long  aggre- 
gates of  prifms,  or  of  brilliant  and  fatin-Iike 
needles  with  fix  Tides,  when  it  is  expofed  to  a 
temperature  of  28  or  30  degrees  beneath  the  O 
of  the  therm omerer  of  Reaumur.  At  that  tem- 
perature, indeed,  many  bodies  which  it  has  not 
hitherto  been  poffible  to  obtain  in  the  folk! 
form,  are  capable  of  affuming  one  more  or  lefs 
regular. 

The  fourteenth  and  lad  article  of  the  fourth 
fection  is  the  mod  extenfive  of  any  ; it  contains 
general  notions  of  lithology  or  the  hiftory  of 
bones,  which  I place  after  the  falifiable  bales, 
hecaufe  they  are  truly  to  the  chemid  natural 
combinations  of  earths  with  each  other,  or  of 
certain  earths  with  potalh.  Thefe  bodies  are  a 
part  of  the  fixth  clafs  of  my  general  and  che- 
mical dividon  of  the  productions  of  nature  ; 
the  red  of  that  clafs  will  be  given  in  feveral 
other  of  the  following  fediions  : this  is  placed 
in  the  fequel  of  the  earths,  on  account  of  the 
nature  or  the  particular  order  of  competition 
which  conftitutes  the  bones.  The  fcience  is 
not  yet  lufficiently  advanced,  and  the  analyfs 
of  folid,  earthy  compounds,  or  of  bones  is  not 
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fufficiently  complete,  to  enable  me  to  prefen t a 
methodical  and  chemical  divifion  of  thefe  bo- 
dies, as  I could  have  wifhed.  To  remedy  this 
defeCt,  I have  thought  it  neceffary  to  give  at 
leaf};  an  abridgment  of  the  actual  difcoveries  on 
lithology,  and,  to  do  this  methodically,  I have 
divided  this  article  into  fix  paragraphs. 

In  Section  the  First,  are  explained  the 
diftinCtive  characters  of  (tones,  taken 

A.  From  their  phyfical  properties,  fuch  as 
weight,  hard  nefs,  tranfpàrency,  double  or  fim- 
pie  refradtion,  eleCtricjity,  magnetifm,  colour, 
tafte  and  odour. 

B.  From  their  geometrical  properties,  or 
their  external  and  internal  form,  from  tliofe  of 
their  integrant  parts  or  molecules,  and  from 
their  fraCtures, 

C.  From  their  chemical  properties  ; namely, 
from  the  aCtion  of  heat  alone  ; from  the  aCtion 
of  heat  aided  by  different  fluxes,  and  from  that 
of  the  acids.  In  this  (ketch,  I have  omitted 
none  of  the  properties  which  are  confidered  in 
(tones,  to  eftablifh  effential  diftinCtions  between 
them,  nor  any  of  the  principal  (hades  which 
each  of  thefe  properties  prefent  to  the  obferver  ; 
I have  availed  myfelf  of  all  the  data  collected 
by  modern  mineralogifts. 

In  Se c t i o n the  S eg o n d,  I have  given  am  out- 
line of  the  principal  methods  of-dkhology, 
founded  on  the  external  and  fenfible  proper- 
ties, or  on  the  methodical  ufe  which  lithologids 
have  made  of  thefe  properties,  compared  or  con* 
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trafted  witlmeach  other,  to  difpcfe  the  hones 
with  regularity,  and  to  diftinguilh  them  from 
each  other.  I have  fucceffively  fpoken  of  the 
attempts  made  in  this  way  by  Bromel,  Cramer, 
Henckcl,  Wolfterdoff,  Gellert,  Cartheufer, 
Juki,  Lehman,  Vogel,  Scopoli,  and  principally 
by  Wallerius,  Romé-Delifle,  Werner  and  Dau- 
benton.  But  I have  ihown  their  inevitable  de- 
fects, their  infufficiency  to  afford  a real  know- 
of  ftones,  and  their  merit,  which  conflits  merely 
in  the  art  of  difeoverino*  the  name  which  has 

O 

been  given  to  each  of  thefe  bodies  in  parti- 
cular. 

In  S ec t i on  the  Third,  I have  prefented  a 
ffrort  notice  of  the  lithological  fyftems,  founded 
on  the  chemical  nature  or  competition  of  ftones, 
from  Cronftedt  who  firft  adopted  that  happy 
idea,  to  Bergman  n,  de  Born,  and  the  celebrated 
M.  Kir  wan,  the  Jaft  who  has  written  a fy  Hema- 
tic work  on  this  part  of  the  natural  fciences. 
By  comparing  thefe  fyftems  with  the  phyfical 
or  external  methods,  I have  ihown  that,  how- 
ever complete  they  may  be  capable  of  becom- 
ing, they  will  never  intirely  difplace  the  latter, 
which  will  always  be  required  to  diftinguilh 
ftones  from  their  afpeeft  without  deftroying  their 
texture. 

Section  the  Fourth,  prefents  the  fequel  of 
the  ftones,  treated  according  to  the  plan  adopt- 
ed by  the  French  mineralogifts,  according  to 
the  lateft  enquiries  of  Citizen  Haüy.  As  there 
are  only  forty-five  natural  fubftances  truly 
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ftony,  by  excluding  from  that  claf*  all  the 
fo  fills,  formerly  reckoned  among*  the  ft  on  es, 
but  which  belong  to  the  faits  or  acidifcrous  fub- 
ftances,  or  to  ores,  this  celebrated  French  mine- 
ralogift  has  thought  it  unnecelfary  in  order  to 
the  describing  and  explaining  them  with  care, 
to  divide  them  into  genera,  or  to  eftàblilh  nu- 
merous diltindtions  and  characters  between 
them,  but  only  to  arrange  them  in  a feries  molt 
proper  to  indicate  their  relations  and  their  dif- 
ferences. The  greater  part  of  thefe  forty- five 
ftones  have  new  names  taken  from  their  moft 
ftriking  properties,  and  imagined  by  Citizen 
Hauy.  I have  given,  after  him,  an  abftraCt  of 
their  characters  and  of  their  differences,  by 
quoting,  under  as  many  of  the  fucccifive  mem- 
bers, quartz,  lilex,  zircon,  telefia,  cymopbane, 
ruby,  topaz,  emerald,  euclafe,  grenate,  Icucite, 
idocrafe,  feldt  fpar,  petro-filex,  coryndon,  cey- 
lanite,  axinite,  tourmaline,  amphibole,  actinote, 
pyroxene,  ftaurotide,  thallite,  fmaragdite,  oifa- 
nite,  dioptafe,  lazuli te,  zeolite,  ftilbite,  prehnite, 
chabafia,  analcime,  fommite,  andreolite,  peridot, 
mica,  cyanite,  tremolite,  leucolite,  dipyre, 
afbeftos,  talc,  chlorite,  made,  and  argil.  I add  , 
to  their  phyficai  properties  whatever  is  known 
concerning  their  nature  and  their  compofition.  ' 
Section  theFi fth,  is  employed  in  a deferi ra- 
tion of  the  method  of  analyfis  which  the  mo- 
dern chemifts  have  adopted  for  itones,  am?  of 
the  procelfes  which  they  practice  to  feparate 
their  different  conftituent  parts,  as  well  as  to 
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eftimate  their  proportions  with  accuracy; 
They  confift  in  grinding  the  (tone  with  water 
in  a mortar  of  filex,  and  fufins:  it  in  a crucible 
of  fiver,  with  three  times  its  weight  of  pure 
folid  potafh  prepared  by  alcohol  ; then  diluting 
it  with  a fufficient  quantity  of  water  ; adding 
muriatic  acid  fufficient  to  diffolve  all  the  fufed 
rnafs  ; then  treating  in  the  fame  manner  that 
portion  of  the  hone  which,  having  refilled  the 
alkali,  has  not  been  diffolved  in  the  acid  ; by 
evaporating  the  folution  to  dry  nefs  in  a vefiel 
of  platina  or  of  porcelain  ; then  adding  a little 
muriatic  acid  towards  the  end  ; djffolving  this 
mafs  in  water;  by  igniting;  and  weighing  the 
filex  which  falls  down  and  is  not  redifiblved  in 
the  laft  liquid  ; by  precipitating  by  alkaline 
carbonates,  the  other  earths,  which  remain  cl  if- 

» * v 

folved  in  the  ftate  of  muriates,  ; by  treating  the 
precipitate  by  a ley  of  potaili  to  rediffolve  the 
alumine,  which  is  afterwards  feparated  by  an 
acid  or  by  a carbonate,  to  ignite  this  by  cal- 
cination in  a crucible;  to  ciiffoive  the  other 
earths  by  the  muriatic  acid  ; to  precipitate  the 
lime,  magnefia,  and  the  oxide  of  iron,  if  prefent 
by  a folution  of  cauftic  potaih  and  afterwards 
the  barytes  by  fulpburic  acid.  The  proper  me- 
thods of  feparating,  the  lime,  magnefia,  oxide 
oi  iron,  and  thofe  of  difcovering  zircon,  glu- 
Ciee  and  pocafii,  are  afterwards  defcribed  with 
fufiiçjent  detail  to  remove  every  difficulty  on 
thqTubjçéb: 
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Laffly,  in  Section  the  Sixth  : I have  given 
the  re  fuit  of  all  the  analytes  of  known  hones, 
by  announcing  the  varieties  of  each  ipecies, 
cliitinguiihed  by  a number  correfponding  to 
that  which  it  occupies  in  the  feries,  from  No.  I 
to  No.  45,  by  placing  together  the  analyfis 
made  by  different  chemifts,  principally  by  Mar- 
graff,  Bergmann,  1 roily  Vauquelin, Wiegleb, 
Kir  wan,  Pelletier,  Sauffure,  Gmelin,  Bindheim, 
Achard,  Weftrumb,  Scopoli,  Fabroni,  Morell, 
Mayer,  Struve,  Hoepfher,  Huzer,  and  Collet- 
Defcotils.  Thefe  are  the  phitofophers  who 
have  occupied  themfelves  nioft  in  this  kind  of 
lithological  analyfis. 

The  four  firft  fections  of  which  I have  now 
given  an  account,  compofe  volumes  I.  and  II. 
of  the  edition  in  8vo,  and  the  1ft  volume  of  the 
edition  in  4 to. 


NOTICE  OF  THE  FIFTH  SECTION. 

Concerning  the  Salts . 

THE  fifth  fedtion,  devoted  to  the  chemical 
hiftory  of  the  faits,  or  compounds  formed  by 
the  union  of  the  acids,  and  of  the  bafes,  is  one 
of  the  moft  extenfive  and,  at  the  fame  time,  one 
of  the  molt  new.  Since  the  year  1782  I had 
* already  given  in  the  different  editions  of  my 
Elements  of  Chemiftry,  a much  mote  extenfive 
detail  concerning  faline  matters  than  any 
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author  had  before  given  refpeciing  thefe  objects, 
either  in  French  works,  or  in  thole  of  other 


countries  which  have  come  to  my  knowledge. 
The  number  of  the  difcoveries  made  a fliort 
time  before  that  period  concerning  the  acids 
and  certain  earthy  bafes,  enabled  me  to  give 
to  that  part  of  the  fcience  a development  till 
then  unknown.  For  fome  years  before  1778, 
till  which  time  my  ftudies  were  continued  under 
the  moil  able  profeffors  of  chemiftry  in  Paris, 
it  was  not  ufual  to  diftinguifh  more  than  twenty 
faline  matters  at  moft  : It  was  cuftomary  to 
aifociate  them  with  the  hiftory  of  each  of  the 
acids,  of  which  they  were  regarded  as  com- 
pounds infeparable  in  the  explanation  of  their 
properties.  By  following  in  this  refpedt  the 
iyftem  of  my  mailer,  Bucquet,  who  fir  ft  diftin- 
guilhed  the  faits  and  has  clalfed  them  methodi- 
cally in  his  introduction  to  the  Itudy  of  the 
mineral  kingdom,  I greatly  extended  that 
clafs,  and  I enriched  it,  in  1782,  with  all  the 
difcoveries  made  lince  the  death  of  that  illuf- 
trious  profelfor,  whofe  method  and  perfpicuity 
were  my  firft  guides.  In  the  three  following 
editions  of  my  Elements  of  Chemiftry,  I have 
fucceffively  augmented  the  feries  of  its  com- 
pounds. But  fmce  1 79F  the  period  of  the 
fourth  edition  of  that  work,  how  numerous 
are  the  faCls  added  to  thofe  formerly  known ; 
and  tending  to  modify  the  whole  of  our 
ref u Its  ! 


Two 


A 


* . I 4 


PRELIMINARY  DISCOURSE. 


207 


Two  earthy  bafes  have  been  di {covered, 
zircon  and  glucine  : one  fubftance  which  w7as 
at  fir  ft  thought  to  be  an  earth,  namely,  ftron- 
tian,  has  been  added  to  the  alkaline  bafes.  The 
faline  combinations  of  tire  phofphoreous  and 
fulphureous  acids  have  been  examined.  The 
fulphites  and  the  phofphites,  then  only  an- 
nounced, have  been  examined  with  fuilicient 
care  ; tire  exiftence  of  the  nitrites  has  been 
afeertained.  The  fuper-oxigenated  alkaline  and 
earthy  muriates  have  been  difeovered.  A more 
exadt  analyfis  of  many  fulfils  has  caufed  fubjedts 
to  be  ranked  in  the  clafs  of  faits  which  were 
before  regarded  as  ftones.  The  fucceffive  la- 
bours of  the  moft  able  chemifts  of  Europe  have 
thrown  new  light  on  a very  great  number  of 
faits  which  were  not  known  before,  or  which 
were  only  known  inaccurately,  particularly  on 
thefe  which  have  an  excefs  of  their  bales  of 
their  acids  or  which  have  double  bafes  or  thofe 
which  are  named  triple  faits.  The  general  re- 
fait of  thefe  modern  refearehes  carries  the  num- 
ber of  faits,  limited,  twenty  years  ago,  to  thirty 
or  more,  up  to  a hundred  and  thirty-four 
fpecies. 

Occupied  myfelf  with  a part  of  thefe  in- 
quiries, and  a witnefs  of  the  difeoveries  to 
which  they  have  conducted  my  friends  and 
aflbeiates,  Guyton,  Pelletier,  Berthollet,  and 
Vauquelin,  with  regard  to  the  greater  number 
of  the  faits  ; obliged  particularly  by  my  duty 
to  communicate  them  every  year  to  a great 
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number  of  pupils,  I have  feen  that  the  diffi- 
culties with  which  the  ftudy  is  already  fur- 
rounded,  would  continually  increafe,  if  an  life- 
ful  and  clear  method  were  not  adopted  to 
enlighten  and  direct  their  fteps.  By  long  me- 
ditation on  this  fubject,  from  numerous  experi- 
ments made  during  feveral  years  of  ftudy  I 
have  at  length  been  enabled  to  adopt  an  order, 
a claffification  which  render  the  ftudy  and  the 
exact  knowledge  of  thefe  fubjedts  infinitely 
more  eafy.  In  eftablilhing  this  claffification, 
my  aim  has  been  to  attach  in  fome  meafure  to 
the  mere  relative  difpofiti on  of  the  hundred  and 
thirty-four  fpecies  of  faline  compounds,  the 
moft  efiential  part  of  their  diftinclive  proper- 
ties; to  reprefent  the  principal  charadters  def- 
tined  to  diftingiiifh  them  from  each  other 
merely  by  their  mutual  fituation  ; in  a word,  to 
render  the  method  itfelf  fubfervient  to  the  ex- 
pedition of  the  moll  ft  ri  kin  g fadts  in  their  hif- 
tory.  Such  is,  without  doubt,  the  moft  pro- 
minent advantage  and,  at  the  fame  time,  the 
moft  original  part  of  this  fifth  fedtion,  the  re- 
gular order  of  which  allows  me  to  point  it  out 
as  one  of  the  moft  important  portions  of  my 
whole  work. 

All  the  faline  matters,  of  which  it  contains 
the  chemical  examination,  are  divided  into  ge- 
nera and  fpecies.  The  firft,  founded  on  the 
acids,  and  bearing  each  the  name  which  cha- 
radierizes  thefe  laft,  according  to  the  principles 
of  the  methodical  nomenclature,  are  arranged 

or 
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or  clifpofed  in  the  order  of  the  attractive  force 
of  the  acids  for  the  bafes  in  general  : in  fuch  a 
manner  that  the  fnlphates  are  the  fir  ft  of  thefe 
genera,  and  the  carbonates  the  laft,  becaufe  the 
fulphuric  acid  moft  ftrongly  attracts  the  alkalis 
and  earths,  whilft  the  carbonic  acid  attracts 
them  leaft.  So  that  this  difpofition  of  the  ge- 
nera already  thews  by  what  acids  and  in  what 
order  of  attraction  the  genera  of  faits  are  re- 
fpeCtively  decompofable. 

In  each  genus,  the  fpecies  are  arranged  ac- 
cording to  the  fame  order  of  attraction,  by  fol- 
lowing in  this  place  the  attraction  of  the  parti- 
cular bafes  for  the  acid  of  each  genus,  Thus, 
among  the  fulphates,  or  in  the  firft  genus,  the 
fulphate  of  barytes  is  the  firft  fpecies,  becaufe 
barytes  adheres  more  to  the  fulphuric  acid  than 
aîl  the  bafes  which  it  is  capable  of  feparating 
from  it  ; the  fulphate  of  zircon  is  the  laft  fpe- 
cies, becaufe  the  zircon  is  the  leaft  adherent 
of  all  the  bafes,  and  may  be  precipitated  from 
it  by  all  the  others.  Between  tliele  two  fpecies 
are  fucceffively  placed  the  fulphates  of  potafh, 
of  foda,  of  ftrontian,  of  lime,  of  ammonia,  of 
niagnefia,  of  glucine  and  of  alumine,  becaufe 
this  is  the  order  of  the  attractions  which  90- 

o 

vern  the  adherence  between  all  the  bafes  and 
the  fulphuric  acid,  It  may  be  conceived,  after 
this  fimple  expofition,  that  the  feries  of  faits 
. fo  difpofed,  form  a table,  which  reprefents, 
after  the  faithful  order  of  the  attractions  of 

their 
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their  principles,  their  principal  properties  of  de* 
competition. 

If  to  this  order,  or  arrangement  by  the  at- 
tablions,  intended  to  explain  the  principal 
properties  of  the  faits,  we  add  the  very  lignifi- 
cant  names  which  they  all  bear,  and  which  give 
aprecife  notion  of  their  nature,  at  the  fame  time 
that  they  difmifs  for  ever  the  arbitrary  denomi- 
nations which  were  formerly  given  to  them  ; if 
it  be  confidered,  that  in  addition  to  this  regular 
progrefs  each  genus  is  fir  ft  treated  under  the  re- 
lation of  its  generic  characters,  proper  to  diftin- 
guifh  it  from  all  the  others,  and  each  fpecies 
examined  afterwards  as  to  all  the  properties 
which  characterize  it,  it  will  be  perceived  that 
this  hiftory  of  the  faits,  which  occupies  the 
third  and  fourth  volumes  in  octavo  or  the  fé- 
cond volumes  in  quarto,  is  very  different  from 
whatever  has  been  hitherto  publithed  in  che- 
miftry.. 

I muft  now  point  out  the  divifion  and  fub- 
ject  of  the  different  articles  which  compofe  this 
fifth  feclion  of  my  work.  It  is  divided  into 
Eighteen  articles.  The  firft  is  devoted  to  gene- 


ralities, to  the  clailification  of  the  faits,  and  to 
the  expofition  of  the  manner  in  which  I have 
treated  them.  With  the  general  principles 
which  I have  juft  traced,  I fpeak  in  detail  con- 
cerning the  rules  of  nomenclature,  which  are 
of  importance  to  be  well  known,  becaufe  they 
truly  direct  the  precife  knowledge  which  it  is 
neceffary  to  acquire.  I indicate  the  manner  in 

which 
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which  I then  divide  all  the  following  articles 
appropriated  to  each  genus  of  faits. 

The  II,  III,  IV,  VI,  VII,  VIII,  IX,  X, 
XI,  and  XI I th  have  for  their  fubject  the  ele- 
ven genera*  of  faits  w hich  I diftinguidi  ; name- 
ly, the  fulphates,  and  the  fulphites,  placed  in 
the  fécond  rank  as  dependants  of  the  fulphates  ; 
the  nitrates,  and  the  nitrites,  coming  as  de- 
pendant on  the  nitrates  ; the  muriates,  the  ox- 
igenated  muriates,  the  phofphates,  the  phof- 
phi  tes,  the  fluates,  the  borates  and  the  carbo- 
nates. Each  of  thefe  articles  is  divided  into 
two  paragraphs  : the  firft,  intended  to  explain 
the  generic  properties  or  the  hiftory  of  the 
genus  ; the  fécond,  having  for  its  objedi  the 
particular  hiftory  of  all  the  fpecies  which  be- 
long to  that  genus.  In  the  firft,  I treat  of  the 
chemical  properties  which  characterize  without 
exception  all  the  fpecies  comprifed  in  the  ge- 
nus ; in  the  fécond,  in  treating  each  feparate 
fpecies  in  the  order  of  its  attraction  of  the  bafe 
for  the  acid,  I conftantly  follow  the  fame  me- 
thod, and  I confider,  under  the  eight  letters 
which  precede  the  under  titles,  A.  the  fynony- 
my  and  hiftory  of  the  fpecies  ; B.  its  phyfical 
properties  ; C.  its  natural  hiftory  and  prepara- 
tion; D.  the  adtion  which  it  experiences  on  the 
part  of  caloric;  E.  on  that  of  water;  F.  its  re- 
lations with  water;  G.  its  decompofition,  the 
agents  which  effedt  it,  and  the  proportion  of  its 
principles;  II.  laftly,  its  ufes.  Long  experi- 
ence has  proved  to  me  that  it  is  poftible  to  in- 
clude 
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dude  under  tliefe  eight  divifions  every  thing 
that  any  fpeeies  of  faline  fubftance  prefents  of 
interefting  or  ufeful  to  be  known.  By  the  aff 
fiftance  of  this  identical  proceeding,  I have 
needed  fewer  details  than  would  have  been  ne- 
ceffary  without  it,  to  defcribe  and  accurately 
to  explain  the  hundred  and  thirty-four  fpeeies 
of  faits  of  which  this  cl  aft  of  bodies  is  at  prê- 
tent compofed. 

In  the  thirteenth  article,  I have  prefented  a 
fummary  of  the  principal  properties  of  faline 
bodies  compared  with  each  other,  to  recapitu- 
late the  different  characters  of  which  they  are 
fufceptible,  and  to  exhibit  an  whole  calculated 
to  leave  precife  ideas  refpecting  the  manner  of 
ffudying  their  properties.  Five  paragraphs 
which  fuccellively  compofe  that  article  treat  of 
their  tafte,  their  cryffalline  form,  their  fufibi- 
lity  or  the  action  of  heat  on  them,  and  the  ac- 
tion of  air  and  of  water.  Then  pafs  fucceflive- 
ly  in  review  their  acridnefs,  bitternefs,  ftypti- 
city,  fweetnefs,  flatnefs,  coolnefs,  infipidity, 
earthy  tafte  ; their  figures  cubical,  rhomboida), 
octahedral,  prifmatie,  pyramidal  ; their  aque- 
ous and  igneous  fufion,  calcination,  volatiliza- 
tion, partial  or  total  decompofition  ; deliquef- 
cence,  efflorefcence,  change  or  unchangeable- 
nefs  by  the  contabt  of  the  atmofpheric  ; laftly, 
the  different  modes  of  fol ability  in  cold  and 
hot  water. 

The  fourteenth  article  affords  another  kind 
of  fummary,  prefenting  in  a table,  the  hundred 
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and  thirty-four  faits,  difpofed  according  to  th 
indicated  method,  and  diftinguilhed  from  each 
other  by  the  fpecific  characters  belonging  ex- 
clu lively  to  each  fpecies.  It  , is  an  effay  of  the 
Linnæan  method,  applied  to  this  part  of  che- 
mical knowledge,  and  intended  to  reprefent, 
under  a new  form,  a rapid  expofition  of  the  fa- 
line  fpecies,  each  characterized  by  an  exclufive 
property.  In  this  effay,  I have  adopted  the 

means  of  ftill  prefenting  the  feries  of  falts,  con- 

■» 

cerning  which  it  is  fo  important  to  acquire 
accurate  notions.  The  poffibility  of  diltinguilh- 
ing  the  numerous  fpecies  from  each  other  by  a 
tingle  character,  is  here  feen,  while  their  gene- 
ric character  is  alfo  well  determined,  and  their 
difpofition  with  regard  to  the  elective  attrac- 

i. 

tion  of  the  bafes  is  equally  well  afcertained. 

With  the  fame  invariable  view  of  rendering 
the  hiftory  of  faline  fubftances  more  complete, 
and  in  fome  refpeCt  more  intire,  I have  included 
in  the  fifteenth  article,  an  enumeration  of  the 
double  decompolitions  which  mutually  take 
place  between  the  hundred  and  thirty-four  fpe- 
cies of  thefe  fubftances.  This  enumeration, 
though  long  upon  the  whole,  is  highly  valuable 
in  its  details,  on  account  of  the  form  which  I 
have  given  it,  and  thews  that  the  number  of  well 
known  double  decompolitions  is  already  much 
more  conliderable  than  it  was  before  the  modem 
.difcoveries.  I do  indeed  comprehend  in  that 
lilt  thofe  alfo  which  I only  fufpeCt  ; but  fetting 
thefe  afide,  it  will  be  feen  that  there  are  ltill 
- VOL.  I. 
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pear  a thoufand  which  are  determined  with  fut  * 
ficient  accuracy.  It  is  not  with  a view  to  en- 
gage Undents  to  commit  this  long  feries  of  che- 
mical facts  to  memory,  and  to  compel  them,  by 
an  ufelefs  fatigue,  to  retain  them,  that  I of- 
fer this  enumeration,  of  which  no  chemical 
work  has  yet  prefented  the  like,  but  only 
that  thofe  who  with  to  penetrate  the  depths  of 
the  fcience,  and  to  contribute  to  its  improve- 
ment by  their  own  refear ches,  may  be  able  to 
difeover  the  defeCts,  or  to  determine  thefe 
faline  attractions,  or  even  the  more  or  lefs  pro- 
bable fuppolition  of  their  exiftence.  In  order 
that  an  enumeration  of  this  kind  lliould  acquire 
that  certainty  to  which  I ihould  have  greatly 
wilhed  to  carry  it,  many  more  experiments  are 
neceffary,  and  particularly  fuch  as  are  more 
accurate  than  have  yet  been  made  concerning 
them.  Further  refearches  will  gradually  cor- 
rect their  defects,  fupply  their  vacancies,  recti- 
fy their  progrefs,  and  more  efpecially  afford 
the  means  of  generalizing  our  conceptions  of 
thefe  bodies;  an  ultimate  objeCt  which  it  was 
not  permitted  me  to  carry  into  effeCt,  though  I 
have  been  well  aware  of  its  importance  and  have 
even  attempted  the  execution  by  exertions 
equally  laborious  and  unavailing. 

In  the  fixteenth  article  I have  conftruCted  a 
table  of  the  compofition  of  all  the  fpecies  of 
laits  and  of  the  proportion  of  the  principles 
which  form  them.  Though  the  enunciation  of 
their  compofition  conftituted  one  of  the  points 
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of  their  detailed  hiftory  in  the  preceding  arti- 
cles, where  it  is  pointed  out  with  accuracy,  I 
have  thought  it  neceffary  to  re-trace  it  again, 
in  order  that  the  feveral  relative  quantities  of 
acids  and  of  bafes  united  in  thefe  compounds, 
might  be  comprifed,  and  certain  general  refults 
deduced  concerning  the  laws  and  the  points 
of  faturation.  But  I have  not  prefented  thefe 
refults,  beeaufe  I know  that  the  proportions  are 
not  yet  without  fome  error  ; and  that  this  part 
of  the  fcience,  the  moll  difficult  of  all,  is  ftill 
far  diftant  from  the  precision  and  the  certainty 
to  which  it  will  hereafter  arrive,  notwithftanding 
the  ability,  the  talent  and  the  accuracy  of  the 
modern  chemifts  who  have  begun  to  employ 
themfelves  upon  it.  Some  notion  may  be  form* 
ed  of  this  from  the  diverlity  of  refults  which 
many  of  the  molt  celebrated  philofophers  among 
thofe,  who  have  laboured  on  this  fubjeét,  have 
obtained  in  their  analyfes.  This  table,  though 
imperfect,  will  neverthelefs  afford  great  advan- 
tages to  chemifts.  It  would  be  no  fmall  ad- 
vantage,  even  if  it  produced  no  other  than  that 
of  convincing  them  of  the  neceftity  of  new  re- 
fearches  concerning  this  great  objeét,  and  of 
bringing  the  methods  of  laline  analylis  to  per- 
fection, which,  in  many  refpects,  ^are  ftill  in- 
cumbered  with  difficulties  aimoft  infurmount- 
able. 

The  feventeenth  article  is  a recapitulation  of 
the  laits  which  exift  in  the  foffil  ftate,  and  of 
the  manner  in  which  they  have  been  claffed  in 
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mineralogical  methods  or  fyftems.  I have  lhewtî 
that  with  regard  to  the  finall  number  of  faits 
known  in  mineralogy,  it  is  not  neceffary  to 
eftablifh  any  divifions  or  claffffi  cat  ions  diffe- 
rent from  thofe  of  the  chemifts  ; that  thofe,  and 
in  particular  that%which  I have  adopted,  intire- 
ly  anfwer  the  object  of  mineralogifts,  and  that 
therefore  it  is  quite  fuperfluous  to  adopt  the 
particular  denomination  of  acideferous  fub- 
ftances  to  defignate  thefe  natural  compounds. 
To  prove  this  affertion  I compare  the  mineralo- 
gical and  chemical  divifions,  and  make  various 
reflections  to  explain  the  utility  of  the  combi- 
nation of  the  two  methods  in  one,  founded  on 
the  chemical  nature  of  natural  faline  fubftances. 
Betides  which,  the  fucceffive  difcoveries  there 
is  reafon  to  expedt  from  the  chemifts  occupied 
in  the  examination  of  foffils,  will  neceffarily 
produce  that  union,  and  will  caufe  mineralogy 
to  he  confidered  Amply  as  a branch  of  chemif- 
try,  as  I have  already  diftinguiflicd  it  under  the 
name  of  mineral  or  mineralogical  chemijiry. 

Laftly,  in  the  eighteenth  and  laft  article  of 
the  fifth  fedtion,  I treat  of  the  faits  which  are 
found  in  folution  in  earthy  waters,  and  confe- 
quently  of  the  analyfts  of  mineral  waters.  This 
has  always  been  confidered  as  one  of  the  molt 
difficult  parts  of  chemiftry,  as  well  on  account 
of  the  fmail  quantity  of  the  lèverai  fubftances 
diffolved,  as  on  account  of  the  number  of 
the  faits  which  exift  at  the  fame  time  in  thefe 
waters,  and  produce  complicated  effects  by  mu- 
tual 
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tuai  re-a6tion,  or  by  their  operation  with  the 
different  re-agents  I have  therefore  fpared  no 
pains  to  give  to  this  article,  however  concile, 
a degree  of  perfpicuity  which  muff  conltitutc 
its  principal  merit  : I have  made  a luminary 
of  the  greater  number  of  the  fadts  contained 
in  the  preceding  part  of  my  work  : I have  di- 
vided it  into  a number  of  paragraphs  which 
begin  with  the  hiftory  of  this  kind  of  analyfis, 
and  conclude  with  the  preparation  of  artificial 
mineral  waters,  or  the  imitation  of  thofe  which 
nature  prefents  to  man.  It  was  even  neceffary 
that  I Ihould  treat  of  the  prefence  of  certain 
metallic  compounds,  though  the  properties  of 
thefe  belong;  in  ftrichiefs  to  the  following  fee- 
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tion  ; but  I have  done  this  in  a very  concife 
manner. 

It  muff  be  feen,  from  this  expolition,  how 
much  more  extend ve  and  accurate  the  hiftory 
of  faline  matters  is  here  given  than  it  has  been 
ftated  in  any  other  work  of  ehemiftry,  and 
more  particularly  that  the  method  adopted  in 
this  fection  is  very  different  from  what  has  hi- 
therto been  followed. 

Since  the  imprefiion,  two  difeoveries  of  great 
importance  have  been  made  in  the  hiftory  of  the 
fubftanees  of  that  order.  One  relates  to  the 
exiftence  of  a fluate  of  alumine  in  nature,  M, 
Abildgaard,  of  Copenhagen,  has  fent  to  Citizen 
Vauquelin,  among  other  fbftils,  a pretended 
ft  one  of  Greenland,  which  he  has  difeovered  by 
analyfis  t<J  be  a combination  of  fluoric  acid  and 
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alumine.  Citizen  Vauquelin  has  confirmed  that 
difcovery  by  a new  examination  of  that  foft 
fil. 

The  other  difcovery  has  for  its  object  a com- 
pound fait  of  fulphate  of  foda  and  of  hidro- 
fulphuret  with  the  fame  bafe,  that  is  to  fay,  a 
true  hidro-fulphurated  fulphite  of  foda,  pro- 
duced by  the  decomposition  of  fulphate  of  foda 
by  charcoal,  made  on  a large  Scale  in  a manu- 
factory near  Paris,  for  obtaining  foda.  Citi- 
zen Chauffier,  who  has  employed  this  com- 
pound with  fuccefs  in  many  difeafes  of  the 
lymph,  fuppofed  it  to  be  a lirnple  hidro-fulphu- 
ret  of  foda.  But  Citizens  Vauquelin  and  The- 
nars, who  have  examined  it  with  great  care, 
have  found  it  to  contain  Sulphureous  acid,  fo- 
da, Sulphurated  hidrogen,  and  they  have  befides 
obtained  a fait  inti  rely  Similar  in  its  form,  its 
tafte,  its  Solubility,  and  all  its  other  properties, 
by  mixing  a Solution  of  hidro-fulphuret  of  foda, 
with  a Solution  of  fulphite  of  foda.  At  the 
very  moment  of  the  union  of  thefe  two  liquids, 
the  firft,  which  is  of  a deep  yellow  colour,  be- 
comes immediately  colourlefs. 

The  firft  of  thefe  difcoveries  confirms  what 
I have  long  ago  announced,  that  in  proportion 
as  foffils  are  examined,  all  the  faits  which  art 
can  fabricate  will  be  found  ; and  the  Second 
may  lead  us  to  the  knowledge  of  new  com- 
pounds, by  fhewing  the  intimate  union  of  an 
alkaline  hidro-fulphuret  with  a fait  of  the  fame 
bafe, 
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NOTICE  OF  THE  SIXTH  SECTION. 

Concerning  the  Metals. 

I HAVE  already  remarked,  on  various  oc~ 
calions,  that  the  metals,  though  compriled  on 
account  of  their  fimple  and  undecompofed  na- 
ture in  the  firft  clafs  of  bodies,  and  confequent- 
ly  in  the  fécond  feefion  of  this  work,  prefent 
neverthelefs  fo  many  important  properties,  and 
have  fo  much  influence  on  the  theory  and  the 
practice  of  the  fcience,  as  well  as  on  thofe  of 
the  arts,  that  it  is  neceffary  to  ftudy  them  with 
much  care,  and  to  give  to  their  hiftory  all  thq 
extent  and  fulnefs  of  which  they  may  be  fuf- 
ceptible.  Accordingly  they  have  been  only  in- 
dicated in  the  feefion  of  undecompofed  bodies, 
to  compare  them  with  hidrogen,  carbon,  phof- 
phorus  and  fulphur  : and  I have  obferved  that 
their  properties  could  not  be  deferibed  but 
fubfequent  to  thofe  of  the  acids,  of  the  bafes 
and  of  the  faits  which  ferve  to  explain  them. 
For  this  reafon,  this  fixth  fection  of  my  work 
is  devoted  to  them  in  particular.  The  multi- 
plied forms  which  thefe  bodies  have  received 
from  nature,  the  numerous  combinations  which 
art  has  learned  to  give  to  them,  the  alinoft  in- 
• finite  ufes  to  which  human  induftry  has  ap- 
plied them,  moft  of  which  are  directed  by  the 
efforts  of  the  chcmifts,  render  this  part  of  my 

chemical 


I 


■]£G  PRELIMINARY  DISCOURSE; 

chemical  f y item  one  of  the  riche  ft  in  facfs,  in 
refaits,  and  one  of  the  moft  extenfive  in  its  de- 
tails. It  is  neceftary  to  add  to  thefe  ftrft  confi- 
derations,  that  the  hiftory  of  the  metals  perpetu- 
ally exhibits  them  as  having  a great  influence 
on  all  the  difcoveries  of  chemiftry  ; that  in  all 
the  revolutions  of  the  fcience,  they  afford  facts  of 
the  greateft  importance  ; that  they  are  in  fome 
inftances  applied  as  inftrunients,  in  others  as 
new  products  to  all  the  periods  of  the  advance-' 
ment  of  human  knowledge  ; that  from  their 
confiant  influence  on  the  progrefs  of  reafon, 
they  occupy  a diftinguiflied  place  in  the  annals 
of  natural  philofopliy  ; and  that  thus,  in  every 
refpcdt,  there  is  no  production  in  nature  which 
deferyes  more  profound  attention,  more  con- 
fiant ftudy,  or  more  exact  description  than  the 
metals. 

The  whole  of  the  ftxtji  fedtion,  which  treats 
of  metals  in  particular,  is  divided  into  twenty- 
two  articles  : the  ftrft  including  generalities 
concerning  thefe  bodies,  and  the  twenty-one 
following,  comprehending  the  particular  liifto- 
ry  of  each  of  the  metallic  fubftances,  of  which 
the  fpecics  known  at  prefen t amount  in  effect  to 
that  number. 

To  give  a proper  account  of  thefe  combuftk 
ble  bodies,  I have  thought  it  neceftary  to  ex- 
plain  ftrft  the  bafes  and  the  principles  of  the 
characters  which  diftinguifh  them  from  other 
bodies,  and  the  various  procédés  by  which  che- 
mifts  have  difcoyered  them,  I have  been  de- 
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firous  of  treating  thefe  generalities  fo  fully  as  to 
leave  nothing  obfcure  or  uncertain,  in  order  to 
comprife  whatever  is  known  concerning  the  dif- 
ferent ftates,  and  the  different  compofttions  of 
which  the  metals  are  fufceptible.  With  this 
intention,  I have  divided  the  firft  article  into 
twelve  paragraphs. 

The  firft  paragraph  treats  of  their  importance 
and  of  their  literary  hiftory. 

The  fécond,  of  the  number  and  the  claf- 
fffication  of  the  metals.  I here  divide  them 
into  live  genera,  according  to  their  various 
ductility  and  oxidability  : the  firft  genus  com- 
prehends brittle  and  acidifiable  metals  ; namely, 
arfenic,  tungften,  molybdena,  and  chrome; 
the  fécond,  the  brittle  and  merely  oxidable  me- 
tals, to  the  number  of  eight  fpecies,  titanium, 
uranium,  cobalt,  nickel,  manganefe,  bifmuth, 
antimony,  and  tellurium  ; the  third,  the  femi- 
ducfile  metals,  mercury  and  zinc  ; the  fourth, 
the  ductile  and  eafily  oxidable  metals,  tin,  lead, 
iron,  and  copper  ; and  laftly,  the  fifth  genus,  the 
very  ductile  and  difficultly  oxidable  metals,  in 
number  three,  filver,  gold,  and  platina.  Before 
1 explain  my  new  divifion,  I fhow  the  errors  of 
the  ancient  methods  which  divided  them  into 
femi-metals,  imperfeél  metals,  and  perfedt 
metals. 

The  third  paragraph  of  the  firft  article  con- 
tains a general  examination  of  the  phyftcal 
properties  of  metals.  They  are  fucceffively 
compared  with  each  other,  1ft,  as  to  brilliancy, 
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2d,  colour,  3d,  denfity  or  weight,  4th,  hard- 
nefs,  5th,  elafticity,  7th,  tenacity,  8th,  con- 
ductibility  of  caloric,  9th,  dilatability,  10th, 
fufibility,  11th,  volatility,  12th,  cryftalliza- 
bility,  13th,  eleCtricity,  14th,  odour,  15th, 
laftly,  tafte.  In  the  examination  of  each  of 
thefe  properties,  I have  taken  particular  care  to 
prefent  the  order  in  which  the  metals  may  be 
difpofed  relatively  to  the  degree  or  intenfity  of 
each  of  each  property. 

In  the  fourth  paragraph,  I treat  of  the  na- 
tural hiftory  of  the  metals  ; I indicate  the  live 
ftates  in  which  they  are  found  in  the  interior  of 
the  globe  ; namely,  1 ft,  that  of  native  metals  ; 
2d,  that  of  alloys  or  of  feveral  metals  united  in 
the  metallic  ftate  ; 3d,  the  fulphureous  ores,  or 
compounds  of  metals  and  of  combuftible  bo- 
dies ; 4th,  the  oxides  of  metals  ; 5th,  the  me- 
tallic faits,  or  combinations  of  their  oxides  with 
feveral  acids.  I enlarge  on  mineralization  and 
the  different  mineralizers. 

The  fifth  paragraph  treats  of  the  art  of  allay- 
ing the  ores,  or  of  docimafy  in  general.  As  this 
object  comes  in  detail  under  the  hiftory  of  each 
metal,  I have  given  only  certain  generalities 
or  the  molt  important  facts  in  this  art  which  is 
entirely  chemical.  I there,  however,  indicate 
the  difference  which  exifts  between  the  ordinary 
or  common  affay  of  the  miner  whofe  only  aim 
is  to  difcover  the  metal  which  may  be  obtained 
from  an  ore,  and  the  facility  or  the  difficulty  with 
which  its  extraction  is  accompanied  ; from  the 
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docimaftic  analyfis  of  the  chemifts,  who,  hav- 
ing for  their  objeCt  to  determine  the  nature  and 
the  proportion  of  different  mineralizers,  the  pro- 
portion and  the  hate  of  the  mineralized  metals, 
demands  a great  number  of  faCts,  many  re- 
fources,  and  great  ability  in  thofe  who  ltudy 
them.  The  moderns  have  greatly  improved 
this  branch  of  the  art. 

The  lixth  paragraph  confiders  the  fame  ge- 
neralities, relatively  to  metallurgy  or  working 
of  ores  in  the  large  way  for  their  extraction  from 
the  earth,  forting,  {lamping,  waffling,  roafting, 
fufing,  and  refining  the  metals.  I give  only  the 
moft  general  principles  of  the  art  of  treating 
the  ores  ; which  is  treated  rather  more  fully 
under  the  article  of  each  of  the  metals. 

The  feventh  paragraph  commences  the  ex- 
amination of  their  chemical  properties  in  the 
oxidability  or  combuftibility  of  the  metals  by 
the  contadt  of  the  air.  I there  announce  the 
rapid  inflammability  of  fome  of  them,  the  flow 
deftruCtion  of  others,  the  different  phenomena 
they  exhibit  during  oxidation,  the  different 
kinds  of  oxidation  they  are  capable  of  under- 
going, the  various  temperatures  at  which  they 
burn,  their  oxides  differing  by  their  ftate  and 
by  the  proportion  of  oxigen  which  they  con- 
tain, the  attraction  which  that  principle  exercifes 
on  the  metals,  and  the  characters  which  ferve 
to  diftinguifh  the  diff  erent  oxides  of  the  metals 
or  the  different  oxides  of  the  fame  metal. 
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In  the  eighth  paragraph,  I rapidly  defcribe 
the  combinations  of  which  the  metals  are  fuf- 
ceptible  with  the  fimpte  combuftibles,  hidrogen, 
carbon,  phofphorus,  fulphur,  the  diamond,  as 
well  as  thofe  which  they  form  among  each 
other.  I give  only  a flight  fketch  becaufe  the 
object  is  treated  much  more  fully  under  the 
article  of  each  of  the  metals. 

The  ninth  paragraph  explains  the  feveral 
actions  of  the  metals  in  general  on  water  and 
the  oxides.  I divide  thefe  bodies  into  four 
claffes  with  regard  to  their  action  on  the  oxide 
of  hidrogen  : the  finit  decompofes  it  in  the  cold  ; 
the  fécond  only  by  heat  ; thofe  of  the  third 
ftand  in  need  of  another  body,  of  oxides,  or 
of  alkalis,  to  effedt  that  decompofition  ; and 
thofe  of  the  fourth  cannot  even  produce  it 
with  the  aid  of  thefe  laft  bodies.  The  adtion 
of  the  metals  and  of  their  proper  oxides  is  in- 
dicated afterwards  with  the  fame  rapidity. 

The  tenth  paragraph  explains  the  general 
readtions  which  take  place  between  the  metals 
and  the  acids.  Though  briefly  announced  and 
only  prefented  as  a flight  fketch,  this  reaction, 
neverthelefs,  fliows  the  different  modes  of  al- 
teration which  thefe  bodies  are  capable  of  af- 
firming by  their  contadl  : I have  ftated  that  the 
metals  cannot  be  combined  with  the  acids  with- 
out being  previoufly  oxided  ; that  this  oxida- 
tion takes  place,  in  fome  cafes,  from  the  adfion 
of  the  acids  and,  in  others,  from  the  adtion  of 
the  water,  and  fometimes  from  both  ; that  the 
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metals  adhere  to  the  acids  in  a determinate  de- 
gree of  their  proper  oxidation,  above  or  be^ 
neath  which  all  combination  is  prevented  or 
deftroyed.  I point  out  the  moft  general  pro- 
perties of  the  metallic  faits,  and  I always  take 
care  to  refer  their  properties  to  fome  leading 
terms,  founded  in  general  on  the  different  at- 
traction of  the  metals  for  oxigen,  and  of  the 
different  metallic  oxides  for  the  acids.  Laftly, 
I refume  each  of  the  feveral  acids  already 
known,  in  order  to  defcribe  the  mode  of  altera- 
tion which  it  undergoes  on  the  part  of  the 
metals,  and  what  they  themfelves  receive  from 
it. 

The  eleventh  and  twelfth  paragraphs  termi- 
nate the  generalities  concerning;  the  chemical 
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properties  of  the  metals  by  a fhort  indication 
of  the  effebt  thefe  bodies  experience  on  the 
part  of  the  falifiable  bafes  and  the  faits.  I 
there  reduce,  as  in  the  preceding  paragraphs, 
thefe  effebts  to  certain  general  titles,  in  order  to 
exhibit  a view  of  all  the  kinds  of  alteration 
which  the  earths,  the  alkalis,  and  their  faline 
compounds  effebt  in  the  pure  or  oxidated  me- 
tallic fubftances,  as  wrell  as  the  changes  they 
receive  from  them. 

All  thefe  generalities,  which  compofe  the  ftrft 
article,  are  intended  to  render  it  more  eafy  to 
underhand,  and  confequently  to  abridge  what- 
ever is  delivered  in  the  following  twentv-one 
articles,  concerning  metallic  fubftances  in  par- 
ticular. 
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examination  of  arfenic  and  its  acids,  is  di- 
vided into  two  paragraphs,  bccaufe  that  brit- 
tle and  very  combuftible  metal  comes  under  our 
obfervation  in  its  three  forms  of  metal,  of 
arfenious  acid,  and  of  arfenic  acid  ; — ftates  fo 
varied  that  it  is  of  importance  to  know  them. 
In  the  ftate  of  metal  I confider  fuccelfively,  A, 
its  hiftory  ; B.  its  phyfical  properties  ; C.  its 
natural  hiftory  ; D.  the  docimaftic  and  métal- 
lurgie operations  to  which  it  is  fubmitted  ; E. 
its  oxidability  by  the  air;  F.  its  union  with 
combuftible  bodies  ; G.  its  aftion  on  water,  and 
on  the  oxides  ; IL  its  action  on  the  acids,  and 
their  adtion  upon  it  : I.  the  effects  which  it  is 
fubjecl  to  on  the  part  of  the  bales  and  of  the 
faits  ; laftly,  K its  ufes.  T'hefe  ten  under-titles 
comprehend  all  the  chemical  faéts  which  can  be 
difeovered  reflecting  this  metal. 

In  the  fécond  paragraph,  are  treated  the  two 
acids  which  arfenic  forms  in  its  two  laft  ftates 
of  comhuftiom  I call  that  the  arfenious  acid 
which  was  formerly  called  oxide  of  arfenic,  be- 
cause this  pretended  oxide  prefents  in  effcét  all 
the  properties  of  the  weak  acids  ; it  converts 
turnfole  to  a red  ; it  has  a very  ftrono*  acrid 
tafte  ; it  is  foluble  in  water  ; it  unites  with  the 
alkalis  ; it  deeompofes  the  fulphurets  ; in  a 
word,  it  is  to  the  arfenic  acid  what  the  fulphure- 
ous  is  to  the  fulphuric,  8c  q. 

The  third,  fourth,  and  fifth  articles  prefent, 
under  the  fame  divilions  into  two  paragraphs, 
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the  tun gfte nous  and  the  tungftic  acid,  the  mo- 
lybdenous  and  the  molybdic  acid,  the  chromons 
and  the  chromic  acid,  I have  infilled  with  re- 
gard to  the  firft  on  the  attraélion  of  its  oxide  to 
the  colouring  matters  ; in  the  fécond,  on  its  re- 
femblances  and  its  differences  compared  with  the 
carburet  of  iron,  and,  in  the  third,  on  the  diffe- 
rent ffates  in  which  it  has  hitherto  been  found 
in  nature,  on  the  difcoveries  which  have  origi- 
nated from  the  new  and  interefting  acidifiable  me- 
tal for  which  we  are  indebted  to  the  refearches  of 
Citizen  Vauquelin,  in  Frimaire  of  the  fixth  year 
(December  1797).  The  name  of  this  laft  body, 
derived  from  its  colouring  property,  announces 
what  the  arts  may  one  day  hope  from  its  ufe. 
Though  thefe  three  metals  are  not  fo  well  known 
as  arfenic  and  the  greater  part  of  the  feventeen 
following,  I have  conftantly  proceeded  in  their 
hi  (lory,  according;  to  the  ten  under  titles  which 
were  ufed  for  arfenic. 

I have  followed  the  fame  method  precifely 
in  the  feventeen  articles  which  follow  the 
fifth.  I have  always  regulated  their  examina- 
tion by  the  fame  ten  under-titles,  in  order  that 
the  hiftory  of  all  thefe  metals  might  be  fubject- 
ed  to  one  method,  and  be  comparable  in  every 
point,  I ihall,  therefore,  confine  myfelf  in  this 
place  to  give  an  account  of  the  work  which  re- 
lates to  them,  and  to  announce  each  of  thefe 
metals,  in  the  order  of  their  fucceffive  defcrip- 
tion. 
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Titanium,  the  objeft  of  the  fixth  article,  is  a 

brittle  metal  very  new  to  chemihs.  It  was  dil- 
covered  in  the  3d  year  (1793)  by  M.  Klaproth 

of  Berlin,  and  exifts  in  fuffieient  abundance  in 
France,  particularly  at  St.  Yrieix,  in  the  depart- 
ment of  Haute-Vienne,  under  the  form  of  what 
is  named  red  fchorl,  or  its  oxide  ; it  is  conh- 
dered  as  to  its  docimahic  reduction,  its  various 
combinations,  whether  in  the  metallic  hate, 
which  is  difficult  to  obtain  on  account  of  its 
difficult  fufibility,  in  the  hate  of  oxide,  or  in 
that  of  carbonate,  with  combuftible  bodies,  wa- 
ter and  the  oxides,  the  acids,  the  bafes,  and  the 
faits.  The  very  long  details  which  concern  it, 
relate  to  its  faline  compounds,  to  its  oxida- 
tion which  takes  place  in  a great  number  of 
cafes,  and  to  its  ufes  for  porcelain,  enamels, 
&c. 

Uranium,  the  fubject  of  the  feventh  article, 
another  difcovery  of  M.  Klaproth,  made  in 
1789?  is  little  known,  and  fcarcely  can  be  faid 
to  exift  in  France,  becaufe  it  is  but  lately  that 
it  was  found  in  that  Republic,  near  Autun,  by 
Citizen  Champeaux,  engineer  of  mines.  It 
has  demanded  very  long  details  concerning  its 
hiftory,  its  different  hates  in  nature,  and  its  dif- 
ferent properties  which  have  been  difcovered  in 
Germany,  where  only  it  has  hitherto  been  ex- 
amined. It  is  almoh  entirely  unknown  under 
the  metallic  form,  becaufe  extremely  difficult 
to  obtain  ; it  has  fcarcely  been  treated  but  un- 
der the  form  of  oxide  ; its  ufes  are  yet  un- 
known, 
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known,  becaufe  it  is  exceffively  rare,  and,  as  it 
fhould  feem,  not  very  abundant.  It  appears 
capable  of  forming  a brilliant  orange-colour 
glaze  for  porcelain* 

Cobalt,  defcribed  in  the  eighth  article,  of 
which  the  greater  number  of  chemifts  at  prefent 
acknowledge  the  exiftence  as  a particular  metal, 
is  treated  much  more  at  large  than  the  two  pre- 
ceding, becaufe  it  has  been  much  longer 
known,  and  becaufe  it  has  been  the  fubjedt  of 
a very  great  number  of  refearches,  I have 
more  efpecially  infifted  on  its  differences  from 
the  other  brittle  metals,  on  the  art  of  purifying 
it,  on  its  true  ores,  its  combinations  with  the 
acids,  the  blue  colour  which  its  oxide  commu- 
nicates to  vitrifications,  and  on  its  ufes  as  a 
fixed  colouring  principle  in  the  arts, 

A new  experimental  refearch,  undertaken  in 
the  laboratory  of  the  School  of  Mines,  upon 
the  ores  of  cobalt,  and  on  its  purification,  and 
terminated  fince  the  impreffion  of  the  article  of 
my  work  relative  to  that  metal,  permits  me  to 
add  feveral  fadts  in  the  place  which  could  not 
poflibly  form  a part  of  that  article. 

The  beft  method  of  obtaining  cobalt  pure 
from  its  ores  confifts  in  the  following  proceffes  : 
Iff,  in  calcining  them  for  a longtime,  adding 
every  quarter  of  an  hour  fome  powder  of  char- 
coal, or  oil,  to  favour  the  evaporation  of  the 
arfenic  ; 2d,  in  diffolving  them  in  nitric  acid, 
evaporating  to  drynefs,  and  re-diffolving  them  in 
water  ; 3d,  in  precipitating  by  pure  potafh,  and 
Vol.  L k caufing 
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câufing  the  depofition  to  boil  with  a ley  of  the 
fame  alkali  ; 4th,  in  walking  the  depofition 
well,  diffolring  it  in  acetous  acid,  and  evapo- 
rating it  fe  verni  times  to  dry  nefs  ; St  h,  in  re- 
diffolving  it  in  water,  precipitating  it  by  am- 
monia, filtering  and  taking  up  the  depofition. 
by  the  fame  volatile  alkali  ; 6th,  laflly,  in  evar 
porating  this  ammoniacal  folution  to  dry  nefs, 
and  llightly  calcining  it  to  feparate  all  the  am- 
monia. A redd i fir  brown  oxide  is  thus  obtained, 
which,,  fufed  by  the  heat  of  a forge  with  a 
mixture  of  black  flux,  of  borax,  and  a little 
oil,  reduced  into  a pafie,  affords  cobalt  very 
pure,  and  in  which  no  re-agent  can  Ihow  any 
veftige  of  iron. 

Cobalt  thus  purified  has  a flightly-red  co- 
lour it  is  fometimes  lamellated,  frequently 
granulated,,  and  fometimes  fibrous  ; its  fpecific 
gravity  ~ 7-700.  It  is  attracted  by  the  mag- 
net, though  it  does  not  p relent  any  perceptible 
indication  of  iron.  Its  fufibiiity  approaches 
that  of  crude  iron.  It  does  not  oxide  in  the 
air;  at  a high  temperature,  it  burns  with  a red 
flame,  and  leaves  a black  oxide.  This  oxide 
gives  a very  intenfe  blue  colour  to  fifty  parts  of 
glafs.  All  the  faits  of  cobalt  are  precipitated 
of  a rofe  colour  by  the  alkalis,  an  excefs  of 
which  gives  a blue  colour  to  the  depofition. 
Ammonia,  in  diffolving  the  oxide  of  cobalt, 
allumes  the  red  colour  of  wine.  Cobalt  pre- 
cipitates copper  and  nickel  from  their  folution 
in  the  metallic  ftate. 


Nickel* 
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Nickel,  the  fubjeél  of  the  ninth  article,  like 
cobalt  is  treated  at  confiderable  length,  after 
the  experiments  to  which  Bergmann  fubmitted 
it  in  1 775.  Very  little  has  been  added  fmce 
that  excellent  work.  I have  omitted  none  of 
the  peculiar  properties  which  have  been  ac* 
knowledged  to  belong  to  nickel.  They  prove 
that,  notwithftanding  the  opinion  of  many  mi* 
neralogifts  who  confkler  it  as  a limple  mixture, 
this  metal  is  very  diftinét  and  well  characterized 
as  a particular  fubftance.  The  fame  refult  has 
alfo  been  obtained  by  the  laft  refearches  made 
in  the  laboratory  of  the  School  of  Mines,  fmce 
the  impreffion  of  the  prefen t article.  Thefe  new 
experiments  have  difcovered  or  confirmed  the 
following  truths. 

Kupfernickel  is  a compound  of  arfenic  and 
of  nickel.  Iron,  cobalt,  and  copper  are  only 
accidentally  prefent.  The  fmall  quantity  of  ful* 
phur  which  it  contains  is  united  with  iron  in  the 
hate  of  pyrites.  The  green  efflorefcence  of  this 
ore  is  the  arfeniate  of  nickel. 

To  extract  the  metal,  it  is  roafted  with  the 
addition  of  charcoal.  The  roafted  ore  is  then 
diffolved  in  nitric  acid';  if  it  contains  copper, 
this  is  precipitated  by  iron  ; the  folution  is  then 
evaporated  to  dry  nefs,  diffolved  in  water,  and 
precipitated  by  pure  potaili,  which  is  made  to 
boil  on  the  depofition  ; the  precipitate  is  filtered 
and  well  walked  ; then  re-diffolved  in  acetous 
acid  ; evaporated  to  drynefs  by  a mild  heat  ; 
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the  acetite  is  again  diflolved  ; precipitated  by* 
ammonia  in  excefs,  which  diflolves  the  oxides 
of  nickel  and  of  cobalt  ; the  folution  is  evapo- 
rated which  depolits  the  oxide  of  cobalt  in  red 
powder  ; the  liquor,  containing  only  nickel, 
becomes  blue  ; it  was  before  purple  by  the  pre- 
fence  of  cobalt.  By  evaporating  it  to  drynefs, 
an  oxide  of  nickel  of  the  green  colour  of  the 
leek  is  obtained,  which  gives  to  borax  the 
red  colour  of  the  hyacinth  without  any  mixture 
of  blue.  A pafte  is  made  with  oil  and  this  ox- 
ide, to  which  two  or  three  parts  of  black  flux  is 
added  ; this  is  placed  in  a crucible,  covered 
with  borax  and  marine  fait  ; it  is  heated  in  a 
good  forge-fire  during  an  hour  and  a half:  the 
nickel  is  obtained  free  from  cobalt  and  iron. 

The  metal  thus  prepared  is  nearly  as  white  asf 
filver,  and  leaves  on  the  touchftone  a trace  find- 
lar  to  that  of  that  metal  ; its  fpecific  gravity  is 
9,000.  Its  denfity  refembles  that  of  foft  iron, 
though  it  may  eafily  be  cut  with  a knife.  It 
may  be  flattened  under  the  hammer,  it  is  la- 
minated without  heat  more  eafily  than  iron  ; it 
cannot  be  annealed  without  burning  and  break- 
ing it  ; it  becomes  covered  during  annealing 
with  a greenifli  yellow  powder  ; if  too  ftrong- 
ly  heated  by  annealing,  its  grain  is  of  a pur- 
ple violet.  It  is  ftrongly  attracted  by  the  mag- 
net, and  capable  of  receiving  magnetifm  like 
iron.  A needle  of  this  metal,  touched  by  the 
ordinary  procédés,  allumes  the  north  and  fouth 
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direffion,  when  fufpended  by  a thread  of  filk. 
It  has  been  propofed  on  this  account  to  be  ufed 
in  fea  compaffes. 

Iron,  zinc,  tin,  manganefe,  and  cobalt  itfelf, 
precipitate  nickel  from  its  folutions  in  the  me- 
tallic {late.  The  alkalis  feparate  a greenifh. 
oxide  ; the  gall  nut  precipitates  it  of  a green- 
ifh. white  ; the  prulfiates,  of  a greenifh  grey,  and 
the  hydro-fulphurets  of  a deep  black. 

Manganefe,  the  fubjeff  of  the  tenth  article, 
is  too  important,  principally  fmee  the  inge- 
nious application  of  the  difcoveries  of  Scheele 
concerning  that  metal  to  the  pneumatic  doc- 
trine, for  me  to  fail  in  giving  to  its  hiftory  all 
the  extent  which  it  merits.  The  reader  will  fee 
in  this  article,  which  is  one  of  the  longefl 
of  thofe  confecrated  to  the  brittle  and  fimply 
oxidable  metals,  befides  feveral  faffs  of  my 
own,  concerning  the  oxidability  of  this  metal, 
that  its  combuftibility  among  metals  equals  that 
of  phofphorus  among  non-metallic  combufti- 
bles,  that  the  reduction  of  its  oxides,  its  different 
degrees  of  oxidation,  how  much  the  affual  hate 
of  fcience  in  France,  and  the  order  which  have 
followed  in  confequençe  of  this  advanced  ftate, 
throw  light  on  the  fum  and  arrangement  of 
the  properties  of  this  body,  which  was  almo.fl 
entirely  unknown  twenty-five  years  ago,  and 
is  become,  at  prefent,  one  of  the  mofl  remarka- 
ble inllruments  of  the  chemift,  and  one  of  the 
xnoft  important  re-agents  in  feveral  of  the  arts, 

Bifmuthj 
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Bifmuth,  treated  in  the  eleventh  article,  and 
well  known  for  more  than  a century,  becaufe 
it  is  long  fmce  its  particular  ufes  have  diftin- 
guiihed  it  from  all  other  metallic  fubftances, 
has  fcarcely  any  thing  more  in  its  hiftory  than 
I have  already  mentioned  in  my  Elements  of 
Chemiftry,  except  the  different  order  in  which 
I have  confidered  its  properties,  the  much  more 
extenfive  accounts  of  molt  of  them,  and  par- 
ticularly the  clearnefs  which  the  pneumatic 
dodrine  and  the  method  which  it  has  di  dated 
tome  has  given  to  thefe  combuftible  bodies. 

Antimony,  the  twelfth  article,  a metal  ftudied 
for  feveral  ages,  with  indefatigable  ardour,  by 
the  alchemifts,  who  have  always  confidered  it  as 
one  of  their  molt  precious  re-agents  ; by  the 
pharmacologies  who,  in  the  mid  ft  of  their  ridi- 
culous pretentions  concerning  the  medicinal  al- 
kahefts  and  the  panacea,  have  difcovered  feveral 
very  ufeful  medicines,  muft  be  examined  with 
particular  care,  on  account  of  the  numerous 
combinations  to  which  it  gives  birth.  Accord- 
ingly its  article  is  much  more  extended  than 
thofe  of  the  other  brittle  unacidi fable  metals  ; 
it  is  in  a maimer  twice  as  extenfive,  becaufe  it 
is  required  to  indicate  not  only  the  faline  com- 
pounds formed  by  the  metal,  but  alfo  the  com- 
pounds of  its  fulphuret,  much  more  frequently 
employed  than  the  metal  itfelf  in  the  pharma- 
ceutic and  ulual  preparations.  We  were  for- 
merly loft  in  the  labyrinth  of  incoherent  and 
inexplicable  fads,  which  compofed  its  chemical 

or 
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or  rather  pharmaceutic  hiftory.  One  of  the 
moft  linking  refaits  of  the  great  advantages  of 
the  pneumatic  doctrine,  is  the  illumination  of 
all  the  * phenomena  which  formerly  offered 
the  deepeft  and  moft  inexplicable  obfeurities  ; 

■ — the  explanation  and  union  of  all  the  other 
fadls  which,  in  the  ancient  chemiftry,  had  nei- 
ther relation  among  themfelves,  nor  even  any 
apparent  connection  : fuch  was  the  chemical 
hiftory  of  antimony.  The  fimplicity  and  clear- 
nefs  of  the  prefen t chemiftry  has  permitted  rge 
to  give  to  this  hiftory  what  was  wanting  to  it 
a few  years  ago.  The  recent  difeoveries  ôf 
Citizen  Berthoilet  concerning  h i d r o - fu Iphu rets, 
and  of  Citizen  Thenars,  concerning  the  diffe- 
rent ftates  of  the  oxidation  of  antimony  ; dif- 
eoveries of  which  I have  made  an  almoft  con- 
tinual ufe  in  the  compofttion  of  this  article, 
have  greatly  contributed  to  give  clearnefs  and 
order  to  all  the  articles  appropriated  to  the 
metals  in  particular. 

Tellurium,  the  thirteenth  article,  a brittle 
metal,  confounded  at  firft  with  antimony,  dif- 
covered  as  a particular  metal,  abouj^  two  years 
ago,  by  M.  Klaproth,  in  certain  ores  of  gold  of 
Tranfyl vania,  fo  remarkable  for  its  extreme  fu- 
ftbility,  its  volatility,  which  almoft  equals  that 
of  mercury,  its  oxide  of  a yellow  ftraw  colour, 
very  fuftble,  very  cryftallizable,  very  reducible, 
very  foiuble  in  the  alkalis,  deftined  to  occupy 
the  middle  place  in  chemical  arrangement  be- 
tween antimony  and  mercury,  has  been  de- 
le ri  bed 
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fcribed  only  after  the  experiments  of  the  ehe~ 
mill  of  Berlin,  becaufe  none  but  him  has  yet 
been  occupied  on  this  new  metal,  of  which  the 
ores  are  very  fcarce.  They  have  not  yet  been 
found  except  in  Tranfylvania. 

Mercury,  the  fubject  of  the  fourteenth  arti- 
cle, is  of  fuch  importance  in  all  its  properties  ; 
the  numerous  difcoveries  which  relate  to  it  are 
combined  fo  direâly  with  all  the  truths  of 
chemiftry,  as  well  as  with  the  greater  part  of 
human  knowledge,  that  I have  thought  it  ne- 
celfary  to  give  all  the  fcope  to  its  hiftofy,  of 
which  it  is  fufceptible.  By  including  in  a cer* 
tain  degree  in  the  aggregate  of  its  properties, 
all  the  fabls  calculated  to  exhibit  the  fourida- 
tions  of  the  moll  important  theories  of  the  fci- 
ence,  I have  prefented  it  as  one  of  the  bodies 
poiTeffing  the  greateft  influence  on  the  progrefs 
of  chemiftry,  and  natural  philofophy  in  general, 
and  I have,  for  that  reafon,  been  led  into  very 
great  details  concerning  this  metal.  Hence  its 
article  is  one  of  the  longeft  of  thofe  which  re- 
late to  metallic  fubftances. 

I have  fhown,  in  the  firft  under-title,  A,  how 
much  chemifts  have  been  employed  upon  it  in 
all  times,  and  to  how  many  difcoveries  it  has 
given  birth. 

I explain,  in  the  fécond,  B,  all  its  phyficai 
properties,  its  brilliant  luftre,  its  divifibility  in- 
to globules,  its  dry  fluidity,  its  condenfability, 
jts  folidification  by  cold,  its  congelation  and 
cryftallization  effebled  by  different  cooling  pro- 
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ceffes  fince  1759  to  our  time;  its  flight  dua- 
lity in  the  folid  date,  its  dilatability  by  calo- 
ric, its  vaporofity  and  volatility,  its  property  of 
conducing  electricity  and  caloric,  its  luminous 
and  eleCtric  quality,  its  odour  and  its  tafte.  I 
have  been  careful  to  afcend  to  the  fource  of 
each  of  the  difcoveries  which  concern  its  pro» 
perties. 

The  third  under-title,  C,  relates  to  the  diffe» 
rent  fiâtes  of  mercury  in  the  interior  of  the 
globe.  I have  reduced  them  to  four  ; namely, 
native  mercury,  amalgamated  mercury,  red  ful- 
phurated  oxide  of  mercury,  and  the  muriate  of 
mercury.  I have  indicated  the  varieties  of  each 
of  tliefe  fiâtes,  the  only  ones  which  nature  pre- 
fents  of  this  metal. 

In  the  fourth  under-title,  D,  I have  com- 
prifed  the  docimafy  and  the  metallurgy  of  mer- 
cury. The  firft  prefents  the  principal  affays  in 
the  d$y  and  the  humid  ways,  which  it  has 
been  ufual  to  make,  to  difcover  its  ores,  as 
well  as  thofe  which  have  been  employed  to 
eflimate  its  purity  ; the  fécond  contains  an  out- 
line of  the  proceffes  which  have  been  practifed 
in  different  countries  to  extraCl  the  mercury 
from  minerals  which  contain  it. 

In  the  fifth,  E,  I confider  the  oxidability  of 
mercury  by  the  air  ; I there  trace  the  courfe 
which  chemifls  have  followed  to  obtain  it,  from 
* the  time  when  they  have  thought  it  impoffible, 
to  that  in  which  they  difcovered  how  it  takes 
place»  I defcribe  the  different  degrees  of  that 

com- 
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combuftibility  which  have  been  fo  long  un- 
known, and  I infill  on  the  firft  black  oxidation, 
as  well  as  the  different  hates  of  the  red  oxide, 
and  its  reduction  which  announces  the  varied 
attraction  of  the  different  portions  of  oxigen 
which  are  united  with  it. 

The  fixth  under-title,  F,  explains  the  combi- 
nations of  which  this  metal  is  fufceptible  with 
combuftible  bodies,  particularly  thofe  with  phof- 
phorus,  fulphur,  and  fome  metals  which  form 
the  moft  numerous  and  the  molt  varied  of  its 
compounds  : all  their  properties  are  explained 
with  much  more  detail,  and  carried  much  far- 
ther than  it  has  been  ufual  to  do  in  all  the  books 
of  chemiftry. 

The  feventh  under-title,  G,  which  relates  to 
the  action  of  mercury  on  water  and  on  the  ox- 
ides, is  much  fhorter,  becaufe  this  adion  is 
little,  or  at  leaf!  very  weak  ; it  is  one  of  the 
metals  which  a6ts  leaf!  powerfully  on  thefe  bo- 
dies. 

This  is  not  the  cafe  with  the  acids,  treated  with 
mercury  in  the  under-title,  H.  This  is  one  of 
the  moll  extend ve,  and  abounds  with  the  great- 
eft  number  of  new  fads.  All  the  acids,  but  prin- 
cipally the  fulphuric,  the  nitric  and  the  muriatic, 
exercife  an  adion  on  mercury,  or  an  attradion 
on  its  oxides,  which  produce  a great  number  of 
important  phenomena  and  remarkable  combina- 
tions, Modern  difcoveries  have  greatly  ex- 
tended, and  given  precifion  to  our  knowledge 
of  thele  combinations.  Much  information  will 

he 


PRELIMINARY  DISCOURSE, 


139 

be  found  concerning  the  fulphates,  the  nitrates, 
and  the  muriates  of  mercury,  hitherto  fo  iittle 
known,  together  with  confiderations*  very  diffe- 
rent from  what  have  been  offered  till  theprefent 
time  concerning  thefe  faits.  The  labours  of 
Scheele,  of  Bergmann,  of  Lavoifier,  of  Citizen 
Berthollet,  and  mylelf,  on  the  greater  part  of 
thefe  combinations,  have  afforded  me  an  abun- 
dant harveii  of  new  facts  and  of  happy  explana- 
tions, which  jultify  me  in  announcing  this  part 
of  the  hiitory  of  mercury  as  the  molt  profound, 
as  well  as  much  more  advanced,  than  any  thing 
that  has  yet  been  prefented  on  the  fame  fub- 
jech  I may  affirm  as  much  of  the  fulphite,  of 
the  phofphate,  of  the  chromate  of  that  metal, 
of  which,  indeed,  the  greater  number  of  works, 
either  have  not  yet  mentioned,  or  have  at  molt 
only  indicated  the  exiftence.  Of  the  different 
parts  or  fub-divifions  which  compofe  the  trea- 
tife  on  mercury,  this  is  the  moft  detailed,  the 
moft  complete  and  the  moft  elaborate. 

There  are  comparatively  but  few  details  in 
the  following  under-title,  I,  becaufe  the  falifi- 
able  bafes  and  the  falts,  which  are  there  confi- 
dered,  have  very  little  effebt  on  mercury,  and 
are  but  very  {lightly  affected  by  it.  But  I have 
carefully  defcribed  the  effebt  which  the  oxide 
of  that  metal  receives  on  the  part  of  the  alkalis, 
and  particularly  ammonia,  and  the  flow  abiion 
which  mercury  exercifes  on  the  muriates,  efpe- 
cially  that  of  ammonia, 
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The  laft  under-title,  K,  where  mention  is  made 
of  its  ufes,  contains  fome  new  refults  concern- 
ing its  medical  abtion  and  its  caufe, 

I have  given  this  extended  notice  refpebting 
mercury,  in  order  that  the  reader  and  ftudent 
may  form  a proper  eftimate  of  the  courfe  I have 
followed,  and  the  care  I have  taken  in  the  ex- 
pofition  of  the  moft  important  metals. 

Zinc,  which  follows  in  the  fifteenth  article, 
is  placed  there  in  the  order  which  I have  adopt- 
ed, becaufe  it  approximates  to  the  metals  pro- 
perly fo  called,  principally  to  tin,  which  imme- 
diately follows  it,  and  with  which  chemifts  have 
long  obferved  ftrong  analogies.  Several  new 
fabts  will  be  found  in  its  hiftory  concerning  its 
influence  in  galvanifm,  concerning  its  ores,  its 
affays,  its  alloys,  its  combinations  with  hidro- 
gen,  with  phofphorus  and  the  acids. 

Tin  is  treated  in  the  fixteenth  article  with  a 
degree  of  accuracy  which  does  not  yield  to  that 
of  the  other  articles,  either  in  the  expofition  of 
its  phyfical  properties,  of  its  ores,  of  its  allays, 
or  in  that  of  its  combination  with  phofphorus, 
fulphur  and  the  other  metals,  particularly  its 
combinations  with  the  acids.  The  difcoveries 
of  Citizens  Adet,  Guyton  and  Pelletier,  on  the 
nitrate  and  the  muriates  of  this  metal,  have  fur- 
niflied  me  with  details  which  have  not  yet  been 
comprifed  in  the  treatifes  of  chemiftry. 

Lead,  included  in  the  feventeenth  article,  is 
hill  one  of  the  metals  which  have  required  to 
be  treated  moft  at  large,  becaufe  its  numerous 

properties 
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properties  and  multiplied  combinations  are  very 
well  known.  The  pneumatic  dodtrine  has  great- 
ly contributed  to  render  its  hiftory  eafy,  metho* 
dical  and  complete.  Every  department,  the  dif- 
pofition  and  the  knowledge  of  its  numerous  ores, 
their  affay  by  the  dry  and  humid  ways,  their 
metallurgical  treatment,  the  oxidation  of  this 
metal  by  air,  its  union  with  phofphorus,  ful~ 
phur,  the  metals,  its  alteration  and  folution  in 
the  acids,  its  adtion  principally  in  the  hate  of 
oxide  on  the  alkalis  and  the  faits,  receive  at  pre- 
lent  the  greateft  light  and  clearnefs  from  the 
principles  of  the  French  dodtrine.  The  recent 
difcoveries  concerning  its  laft  oxidation  of  a 
brown  colour,  obferved  by  Scheele,  and  fince  fa 
well  developed  by  M.  Prouft  and  Citizen  Vau- 
quelin,  concerning  many  of  its  combinations 
with  the  acids,  concerning  fome  of  its  ores, 
concerning*  the  eftedt  which  the  oxides  have  on 
fome  of  the  muriates,  have  been  of  great  ad- 
vantage to  me  in  hating  the  new  facts  rela- 
tive to  that  metal. 

How  amply  might  I enlarge  upon  the  eight- 
eenth article,  devoted  to  iron,  if  I were  fully 
to  explain  what  conftitutes  the  hiftory  of  each 
of  the  metallic  fubftances  particularly  treated  in 
this  fedtion  ! This  metal,  fo  different  from  the 
others  in  its  charadters,  its  magnetifm,  its  pre- 
fence in  organized  bodies,  its  abundance  even 
at  the  furface  of  the  globe,  which  it  feems  to 
prefent  to  man  as  one  of  his  fir  ft  and  moft  im- 
portant materials  of  art.  This  body,  fo  varied  in 

its 
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its  forms,  fo  multiplied  in  its  itfes,  which  add  & 
power  and  a new  force  to  the  human  mind, 
from  the  art  of  moving  the  heavieft  maffes,  to 
that  of  tracing*  on  the  pathlefs  ocean  the  courfe 
which  the  navigator  purfues  ; from  the  ufe  of 
the  fimpleft  and  rough  eft  lever,  to  that  of  the 
delicate  fpring  which  enables  the  time-piece  to 
move,  and  the  delicate  graver  to  tranfmit  to 
future  as>*es  the  images  of  our  heroes  and  their 
glorious  achievements  ; — this  being  which  mea* 
fares,  in  a certain  refpect,  the  comparative  in* 
telligence  and  perfection  of  nations,  by  the  num- 
ber of  the  fervices  which  they  know  how  to  ob* 
tain  from  it,  and  the  different  ftates  which  they 
have  given  to  it,  prefents  to  the  philofopher, 
the  geometer,  the  navigator,  the  aftronomer, 
the  phyfician,  and  the  mechanic,  fources  fo  mul- 
tiplied, inftruments  fo  precious,  advantages  fo 
great,  that  the  chemift,  whofe  labours  muft  pre- 
cede and  direct  the  different  applications  of  this 
metal,  cannot  develop  its  properties  with  too 

much  care.  Thefe  are  the  motives  why  I have 

6/ 

given  fuch  extenfive  details  refpeCting  iron.  Its 
hiftory,  exceeding  in  length  even  that  of  mer- 
cury, and  divided  into  ten  under-titles,  like 
that  of  all  the  other  metals,  contains,  in  each 
of  thefe  divifions,  all  the  faéis  relating  to  it,  all 
the  difcoveries  ancient  and  modern,  and  all  the 
ufeful  confiderations  afforded  by  their  refults. 
An  account  of  the  labours  to  which  it  has  been 
fucceffiveiy  admitted  ; an  accurate  difplay  of 
its  phyfical  properties  fo  Angular  and  fo  diftinc- 

tive ; 
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live;  a methodical  clarification  and  defcription 
of  its  ores,  after  the  late  remarks  of  Citizen 
Haiiy  ; accurate  generalities  concerning  its  do* 
cimafy  and  metallurgy  ; phenomena  and  refults 
of  its  different  degrees  of  oxidability  by  the  air; 
its  combination#  with  hidrogen,  carbon,  phof- 
phorus,  fulphur  and  the  metals  ; comparifon  of 
crude  iron,  bar  iron,  and  of  fteel  ; extenfive  de- 
tails refpeéfcing  its  alloys  ; the  action  which  it 
exercifes  fo  ftrongly  on  water  and  the  oxides, 
which  it  decompofes,  aim  oft  all  with  equal  faci- 
lity ; the  multiplied  effects  which  it  experiences 
on  the  part  of  the  acids,  and  which  it  caufes 
them  to  undergo  ; the  very  detailed  expofition 
of  its  different  faline  combinations  ; the  two 
ftates  of  its  fulphate,  thofe  of  its  different  pre- 
cipitates ; the  adhérences  which  it  contracts, 
the  compounds  which  it  forms,  the  colours 
which  it  affumes  and  which  it  communicates 
to  the  earths,  the  alkalis  and  the  faits  : this  is 
the  feries  of  objects  methodically  prefented  in 
this  article.  However  long  it  may  appear,  it 
is  far  from  exhibiting  the  immenfe  profufion  of 
details  contained  in  feme  ancient  and  modem 
works  concerning  iron;  but  it  neverthelefs  con- 
tains a much  more  extenfive  feries  of  fadls,  and 
particularly  a connection,  and  unity  of  thefe 
faéts,  much  more  valuable  than  any  of  the 
treatifes  publiflied  on  this  important  fubjedh 
This  article  may  be  confidered  as  a monogra- 
phic hiftory  of  this  metal,  drawn  up  with  all 
the  precifion  and  method  of  which  I was  capa- 
' bie. 
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ble,  forming,  by  the  affihance  of  the  pneumatîd 
doélrine  which  enlightens  all  its  parts,  the  mofl 
complete  fyhem  of  the  knowledge  we  at  prefent 
polfefs  refpeéting  iron. 

The  article  of  copper  (the  nineteenth), 
though  much  more  concifely  treated  than 
iron,  contains  neverthelefs  a great  number  of 
faéts  concerning  its  properties.  I have  had 
lefs  to  fay  concerning  the  hiftory  of  its  difcove* 
ries,  and  its  phyfical  properties,  Its  different 
hates  in  nature,  its  ores,  which  conftitute  feries 
very  numerous,  and  much  varied  in  their  form 
and  their  colour  in  collections,  have  engaged 
me  more  particularly  to  reduce  them  to  fpecies 
really  différent.  The  under-title,  D,  concern- 
ing its  Trays  and  its  metallurgy,  has  notwith* 
handing  required  feme  extent  on  account  of 
the  importance  and  the  number  of  its  opera- 
tions, though  I have  been  defirous  only  of  fum- 
maries  ; but  the  divifions  relative  to  its  pro- 
perties truly  chemical,  to  the  aélions  of  the  air, 
of  water  and  of  the  oxides,  the  acids,  the  bafes, 
and  the  faits  upon  copper,  are  the  moh  elabo- 
rate and  the  moh  detailed  parts.  Among  all 
the  facts  anciently  known  concerning  its  pro- 
perties, we  may  leleét  in  a certain  manner,  as 
the  neweh  and  the  moh  ftriking,  the  different 
hates  of  the  oxides  of  copper,  their  differences, 
their  refpective  tranfitions,  the  combinations  of 
this  metal  with  phofphorus  and  fulphur,  the 
beautiful  phofphorefcence  of  the  fulpliuret  of 
copper,  feveral  of  its  alloys  relative  principally 

to 
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to  the  alt  of  analyfis,  fuch  as  brafs  and  bell- 
metal,  the  fulphite  of  copper,  unknown  before 
the  refear ches  which  were  common  to  me  and 
Citizen  Vauquelin  ; the  nitrate  of  copper  and 
its  precipitate  by  flaked  lime,  which  forms  ver- 
diter,  the  differences  of  the  arfeniate  and  of  the 
arfenite  of  copper,  the  firft  bluifh,  the  fécond 
forming  the  green  pigment  of  Scheele  ; laftly, 

the  adtion  of  ammonia  on  its  oxides.  It  will 

* 

conftantly  be  feen  that  the  pneumatic  dodtrine 
imparts  to  the  whole  of  the  hiftory  of  this  me- 
tal a clearnefs  and  precifion  which  did  not  exift 
in  it  before  the  admiffion  and  the  confolidation 
of  that  beautiful  theory. 

Silver,  gold  and  platina,  articles  XX,  XXI, 
and  XXII,  forming  together  the  laft  genus  of 
metals,  becaufe  they  refemble  each  other  in 
their  great  dudtility  and  their  difficult  oxidabi- 
lity,  conftantly  united  on  account  of  their  re- 
lations under  the  ancient  name  of  perfect  metalsy 
the  objects  of  the  long  and  patient  refearches  of 
the  alchtmifts,  who,  without  finding  the- trans- 
mutations they  fought,  have  at  leaft  found  a 
number  of  combinations  which  they  did  not 
feek  for,  are  treated  with  the  care  and  details 
fuited  to  their  importance.  Their  chemical 
hiftory  has -gained  no  lefs  by  the  certainty  and 
the  fimplicity  of  the  refaits  of  the  pneumatic 
dodtrine,  than  that  of  all  the  preceding  metals. 
Moft  of  the  phenomena  which  relate  to  them 
and  the  particular  fadts  they  prefent,  depend  on 
the  little  attradlion  which  exifts  between  them 
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and  oxigen,  on  the  difficulty  with  which  they 
are  united,  and  on  the  facility  with  which  that 
principle  is  feparated  from  them.  It  is  by  thefe 
means  that  they  poflefs  their  unchangeablenefs 
in  the  air,  the  neceffity  of  violent  means,  fuch 
as  detlagration  to  burn  them,  the  ready  reduc- 
tioii  of  their  oxides,  the  flight  aCtion  of  moft 
of  the  acids  on  thefe  metals,  the  power  which 
the  oxigenated  muriatic  acid  exercifes  on  them, 
the  very  remarkable  alteration  which  their  ox- 
ides undergo  by  ammonia  and  the  fulminations 
of  which  their  combinations  with  that  alkali 
are  fufceptible.  The  art  of  purifying  thefe  me- 
tals, of  extracting  them  from  their  alloys,  of 
obtaining  them  without  lofs  or  with  little  lofs, 
and  of  allaying  them,  or  of  difcovering  their 
fmenefs,  depend  on  the  firft  mentioned  chemical 
charadters.  We  muft  fee,  in  a word,  that  this 
flight  adherence  of  the  three  laft  metals  for  ox- 
igen  muft  Ire  confidered  as  the  point  upon  which 
all  the  properties  which  characterize  them  turn  ; 
as  we  have  feen  that  the  more  or  lefs  ftrong  at- 
traction of  all  the  others  for  that  principle,  is 
the' only  centre  of  the  varied  phenomena  which 
they  prefent  to  us.  The  great  fiinplicity  which 

jf  .•» 

this  obfervation  imparts  to  their  hiftory,  muft 
render  it  lhorter  and  more  eafy  to  be  underftood 
than  that  of  feveral  of  the  other  metals.  Thus, 
though  I have  omitted  nothing  to  render  that 
hiftory  complete,  the  three  laft  articles  are  much 
lefs  extenftve  and  ample  than  molt  of  the  pre- 
ceding. 


I have 
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I have  neverthelefs  given  fufficient  develop- 
ment  to  the  hiftory  of  the  ores  of  filver,  of  its 
alloys  neglefted  in  the  elements  which  we  pof~ 
fefs,  of  its  faline  combinations,  particularly 
of  its  nitrate  and  muriate,  of  their  decompofi- 
lions  by  the  other  metals,  of  fulminating  fil- 
ver, a fpecies  of  ammoniacal  argentite,  of  the 
non-decompofition  of  its  muriate  by  the  fixed 
alkalis,  of  the  contrary  decompofition  of  the 
muriate  of  foda  by  the  oxide  of  this  metal,  and 
laftly,  of  the  ufes  of  filver. 

I have  been  careful,  in  the  hiftory  of  goldj 
to  infift  on  its  excellent  phyfical  properties,  on 
the  affays  and  the  treatment  of  the  auriferous 
minerals,  on  its  oxidation  by  the  air,  on  certain 
of  its  alloys  not  fufficiently  defended  or  diftin- 
guifhed  in  the  greater  number  of  chemical 
works,  on  its  purification,  its  refining,  and  the 
important  art  of  ascertaining  its  finenefs  ; on 
the  muriate  of  gold,  on  the  relations  of  the  mu- 
riatic Solution  of  gold  with  that  of  tin,  on  the 
purple  powder  of  Caffius  ; and  laftly,  on  the 
ufes  of  that  precious  metal.  All  this  article, 
formerly  obfeure,  and  filled  with  incoherent 
facts,  has  acquired,  by  means  of  the  pneuma- 
tic doétrine,  a degree  of  precifion  and  clearnefs 
which  were  fought  in  vain  in  the  ancient  doc- 
trines  of  chemiftrv.  The  phenomena  of  its  dif- 
ferent precipitates,  and  alfo  of  the  greater  num- 
*ber  of  its  combinations,  which  were  formerly 
inexplicable,  have  acquired  a perfpicuity  which, 
by  rendering  them  eafy  to  be  understood,  has 
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neceffarily  added  to  the  force  of  the  theory  to 
which  it  is  due* 

Platina,  though  fubmltted  to  a great  number 
of  fucceffive  refearches  during  more  than  forty 
years,  is  ftill  much  lefs  known  than  filver  and 
gold.  Hence  certainly  arifes  the  extreme  diffi- 
culty of  obtaining  it  pure,  and  of  examining  it 
alone  and  without  alloy.  There  is  room  to 
hope  that  the  prefent  means  of  chemiftry  and 
the  great  occafion  for  working  this  refractory 
and  almoft  infulible  metal,  in  the  fabrication 
of  ftandards  for  the  republican  weights  and 
meafures,  will  open  to  the  chemifis  of  the  Infib 
tute  of  France  a new  courfe.  Their  firft  effays 
already  promife  us  more  exadt  information  con-* 
cerning  the  properties  of  this  fine  metal.  But 
this  new  work  has  fcarcely  commenced.  It 
was  impoffible  for  me  to  infert  the  firft  refults 
which  have  been  prefented  to  us  in  my  article 
of  platina,  becaufe  they  are  not  yet  fufficiently 
confirmed.  I have  therefore  been  forced  to  re- 
cur to  the  known  fources,  and  to  leave  either 
obfcurities  or  great  defeéls  in  this  article.  But 
I have  taken  care  to  prefent  the  fads  mofl  re- 
cently difcovered  concerning  platina,  fuch  as 
the  procefs  of  working  it  which  Citizen  Jean- 
nety  has  ufcd  at  Paris  ; its  fufion  by  oxigen 
gas,  defcribed  by  Lavoifier;  the  principal  ah* 
leys  which  it  forms,  and  which  are  all  more  or 
lefs  important  to  be  known  ; its  fingular  com- 
bination with  phofphorus,  of  which  PeJletier 
has  fought  to  avail  himfelf  to  purify  the  metal, 

the 
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the  triple  faits  fo  numerous  and  fo  frequent  to 
which  it  gives  birth,  and  which  all,  when 
ftrongly  heated,  conduct  to  its  reduction  and 
purification  ; its  remarkable  oxidation  and 
apparent  deftrudfion  by  nitre,  fo  well  obferved 
by  Margraaf,  Lewis,  and  afterwards  fo  much 
better  determined  by  Citizen  Guyton;  the  af- 
fays  already  attempted  on  its  feparation  from, 
the  other  metals  by  different  précipitants  from 
its  folutions,  &c. 

Thus  the  fection  of  metallic  matters,  treated 
with  all  the  neceflary  details  in  each  of  its  ar- 

A/ 

tides,  does  not  yield,  by  the  developments 
which  conftitute  them,  to  any  of  thofe  which 
precede  it:  thefe  bodies,  fo  important  in  foci- 
ety,  are  flu  died  in  all  their  properties,  in  fuch 
a manner  that  no  work  prefents  fo  extended 
and  fo  complete  an  account  of  them. 


NOTICE  OF  THE  SEVENTH  SECTION. 

VEGETABLE  matters,  of  which  the  hiftory 
belongs  to  the  feventh  fedtion  of  thefyftem,  be- 
ing compounds  very  different  from  thofe  which 
exift  among  the  foffils,  and  the  problems  which 
chemiftry  propofes  to  folve  concerning  the  na- 
ture of  thefe  matters  being  of  an  order  more 
elevated  than  thofe  which  mineral  compounds 
prefent,  the  courfe  of  the  fcience  could  not  be 
the  fame  in  this  fedtion  as  that  which  directed 

me 
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me  in  the  preceding  febtions.  The  {impie  dff 
vifion  into  articles  are  not  here  fufticient,  The 
chemical  phenomena  which  characterize  vege- 
table compounds  are  too  complicated  and  too 
numerous,  not  to  demand  a preliminary  diftinc- 
tion  in  their  comparative  differences.  It  is  ne- 
ceffary  betides,  in  order  to  underhand  them  well, 
to  know  in  what  the  organic  ft  ru  dure  of  plants 
differs  from  the  lameliated,  fibrous  or  granu- 
lated, but  always  fimple  texture  of  foftil  mat- 
ters. In  this  examination,  it  is  no  lefs  ne  cef- 
fary to  know  the  chemical  nature  of  vegetable 
matters  in  general,  than  that  of  the  immediate 
materials  of  plants  in  particular  ; to  determine 
how  the  chemical  proceffes  of  nature  differ  from 
the  proceffes  of  art  with  refpect  to  them,  as  well 
as  the  relations  which  may  be  eftablitlied  be- 
tween their  chemical  properties  and  the  pheno- 
mena of  vegetation.  Thefe  confiderations  re- 
fpecting  vegetable  chemiftry,  fuch  as  it  is  when 
treated  according  to  the  modern  difcoveries, 
have  led  me  in  the  firft  place  to  divide  the  fe- 
venth  fedion  into  fix  orders  of  fads. 

In  the  firft,  I examine  the  ftructure  of  vege- 
tables and  the  differences  which  they  prefent 
when  compared  with  unorganized  bodies. 

In  the  fécond,  I treat  of  the  nature  or  the 
chemical  competition  of  plants  in  general. 

The  third  order  of  facts  is  confecrated  to  the 
examination  of  the  chemical  properties  of  ve- 
getable fubftances  in  general. 
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The  fourth  order  of  faCts  is  deftined  to  ex- 
plain the  different  materials  of  plants  in  parti- 
cular. 

To  the  fifth  order  of  facts  belong  the  fponta- 
neous  alterations  of  which  vegetable  matters 
ure  fufceptible. 

Laftly,  1 rank  in  the  fixtli  and  laft  order  of 
facts  relative  to  vegetable  chemiftry,  the  che- 
mical phenomena  which  the  life  of  plants  pre- 
fents,  or  the  chemical  explanation  of  the  func- 
tions exercifed  by  living  vegetables. 

I fhall  recapitulate  each  of  thefe  fix  orders  for 
the  purpofe  of  rapidly  explaining  what  confti- 
tutes  them. 

The  fir  ft,  treating  of  the  ftruéture  of  vegeta- 
bles, is  divided  into  four  articles,  and  compre- 
hends, fucceffively,  1ft.  the  exterior  ftructure 
of  plants,  or  the  enumeration  of  their  external 
parts,  according  to  the  method  and  nomencla- 
ture of  the  botanifts  ; 2d. . their  anatomy,  or 
the  ftructure  of  their  interior  organs  ; 3d.  an 
expofition  of  the  apparent  phenomena  of  their 
life  ; 4th,  that  of  the  general  ufes  of  vegetables 
in  the  economy  of  nature.  This  is  a flight 
fketch  of  philofophical  botany,  .intended  to 
ferve  as  an  introduction  to  vegetable  chemif- 
try- ' . Jy 

The  fécond  order  of  fads,  having  for  its 
object  the  general  chemical  compofttion  of  ve- 
getables, is  alfo  divided  into  four  articles.  In 
the  ftrft,  I fliow  the  feries  of  difcoveries  which 
have  been  made  in  vegetable  chemiftry,  from . 

the 
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the  firft  chemico-pharmaceutic  recipes  of  the 
Arabians,  to  the  fublime  refearches  of  Lavoifier 
and  of  the  moderns  ; in  the  fécond,  I indicate 
the  different  methods  of  analyfing  vegetables, 
and  I reckon  eight  fpecies  ; in  the  third,  I an- 
nounce the  general  refaits  of  all  thefe  analyfes 
with  regard  to  vegetable  compofition  ; and,  in 
the  fourth,  I fhow  the  moft  general  applications 
of  the  faffs  difcovered  by  analyfes,  to  the  phe- 
nomena of  vegetable  life,  and  to  thofe  of  the  al- 
terations which  plants  undergo  after  death. 

A greater  number  of  articles  has  been  re- 
quired to  include  in  the  third  order  of  faffs 
every  thing  that  relates  to  the  chemical  pro- 
perties of  vegetable  compounds  colleffi vely 
confidered.  This  order  is  divided  into  eight 
articles.  The  firft  treats  of  what  I underhand 
by  thefe  general  properties  ; I there  fhow  that 
it  is  effential  to  examine  how  the  vegetable 
compound  differs  from  the  mineral  in  the  mode 
of  the  alterations  which  it  is  capable  of  under- 
going by  re-agents  ; in  the  fécond  article,  I de- 
fcribe  the  effects  of  caloric  in  different  propor- 
tions on  the  vegetable  fubftance,  from  its  lim- 
ply withering,  to  its  complete  decompofition  ; in 
the  third,  I explain  the  effeffs  of  the  air  ; in 
the  fourth,  thofe  of  water;  in  the  fifth,  thofe 
of  the  acids.  This  laft  article,  though  only  pre- 
fenting  a generality,  contains  faffs  which  have 
not  been  before  announced,  and  a much  more 
exact  and  extended  theory  than  has  hitherto 
been  prefented.  The  fame  is  the  cafe  with  the 
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iixth  article,  where  I examine  the  action  of  the 
earths  and  of  the  alkalis  on  the  vegetable  com- 
pound ; and,  of  the  feventh,  where  I treat  of 
the  aétion  of  the  faits  on  that  compound  ; they 
offer  feveral  refaits  of  my  own,  both  in  the  ex- 
periments and  in  the  doctrine.  The  eighth 
article,  the  laft  of  the  third  order,  which  has  for 
its  objebt  the  aélion  of  the  metals,  of  their  ox- 
ides, and  of  their  faits  on  vegetable  fubftances, 
always  confidered  in  this  place  as  a fingle  com- 
pound, alfo  prefents  original  notions  concern- 
ing the  manner  of  the  a6tion  of  thefe  bodies  ; 
I there  fhow  how  they  are  ufed  in  the  analyfis 
of  vegetable  fubftances,  and  the  determination 
of  their  conftituent  principles. 

The  fourth  order  of  fabts  includes  the  vege- 
table analyfis  properly  fo  called,  or  the  exami- 
nation of  all  the  vegetable  matters  in  particular, 
that  is  to  fay  of  what  have  been  named  the 
immediate  materials  of  plants , becaufe  they 
ferve  direétly  to  conftitute  them.  It  is  divided 
into  twenty-four  articles,  and  it  comprehends 
all  the  details  neceffary  to  the  accurate  know- 
ledge of  each  of  thefe  materials. 

The  three  firft  articles  of  that  order  explain, 
1 ft,  what  is  to  be  underftood  by  the  immediate 
materials  of  plants  and  the  different  places  they 
occupy  according  to  their  different  nature; 
2d,  the  means  of  extraéfing  them  unchanged, 
in  order  to  acquire  a knowlege  of  them,  fuch  as 
they  exift  in  the  vegetable  texture,;  3d,  the 
enumeration  and  claffiiication  of  thefe  materials. 
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Thefe  three  articles  have  been  hitherto  want* 
ing  in  all  the  known  works  ; they  are,  never- 
thelefs,  indifpenfable  to  guide  the  progrefs  of 
chemifts  and  to  render  it  methodical  ; theyferve 
more  particularly  to  throw  a light  upon  the  re- 
fults  of  vegetable  analyfes,  hitherto  fought  in 
vain,  and  to  diftinguifli  this  part  of  the  fcience 
from  the  chemical  arts,  and  more  efpecially 
from  pharmacy,  with  which  that  kind  of  ana- 
lyfis  has  too  long  been  confounded. 

The  twenty  articles  which  follow'  the  three 
firft,  from  the  fourth  article  to  the  twenty-third 
inclufively,  contain  the  hiftory  of  the  twenty 
immediate  materials  of  vegetables,  differing 
from  each  other,  which  I confider  in  their  to- 
tality, as  conftituting  all  the  products  of  the 
primitive  or  immediate  analyfts  of  plants.  In 
order  the  better  to  defcribe  the  characters  of 
tliefe  materials,  I treat  each  of  them  precifely 
in  the  fame  manner,  ftri&ly  following  to  the 
fame  order  in  their  examination.  Each  article 
is  conftantly  divided  into  fix  titles,  preceded  by 
file  fix  firft  letters  of  the  alphabet  ; namely, 

A.  The  feat  or  the  place  of  the  plant  which 
contains  the  fubftance  is  treated  of; 

R Its  extraction  or  the  proceffes  to  obtain  it 
infulated  ; 

C.  Its  phyfiçal  properties,  form,  confiftence, 
tafte,  odour,  colour,  weight,  & c. 

D.  Its  chemical  properties,  or  the  manner  in 
which  it  is  altered,  modified,  changed,  and  de- 
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compofed  by  the  different  bodies  which  are 
made  to  react  on  it  ; 

E.  Its  fpecies,  or  rather  the  different  varieties 
under  which  that  matter  prefents  itfelft; 

F.  Laftly,  the  ufes  to  which  it  is  applied. 

Thus  it  is  that  I examine  lucceflively  the 

twenty  following  materials  : 

1ft.  The  lap  analyled  only  by  the  modem 
chemifts,  containing  feveral  different  matters, 
quickly  and  eaftly  becoming  four. 

2d.  The  mucus,  infipid,  vifcous,  and  adheftve 
under  the  form  of  mucilage,  dry,  brittle,  and 
tranfparent  under  that  of  gum,  affording  by 
heat,  water,  and  acetous  acid,  altered  by  a burn- 
ed oil,  which  has  been  taken  for  a peculiar  acid, 
named  pyromucous  ; affording  by  the  nitric 
acid  a pulverulent  and  infoluble  acid,  refembling 
the  fugar  of  milk,  &c.  exhibiting  itfelf  in  the 
laft  analyfts  as  an  hidrogenated  oxide  of 
carbon. 

3d.  Sugar,  well  characterized  and  diftinguifhed 
from  the  mucus  by  its  tafte,  its  cryftalline  form, 
the  great  quantity  of  water  and  of  acetous  acid 
which  it  affords  by  cliftillation,  its  fyrupy  fo In- 
ti on  in  water,  and  its  different  degrees  of  denfity, 
the  abfence  of  the  pulverulent  acid  infoluble  by 
the  nitric  acid,  and  the  exclusive  property  of 
forming  an  alkoholic  liquor  by  fermentation. 

4th.  The  vegetable  acids,  or  rather  the  ve- 
getable acid  in  general.  This  article  is  treated 
in  a manner  fuffieiently  new  and  conliderably 
different  from  what  ever  has  hitherto  been  faid 
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on  that  fubject,  to  require  certain  details.  It 
is  a complete  though  concife  hiftory,  of  vegeta- 
ble acidification  ; I confider  that  phenomenon 
in  its  greateft  extent,  I firft  explain  how  gene- 
rally it  ex ifts  in  the  materials  of  plants,  how 
thefe  materials  are  adted  upon  by  it  ; I fliow 
the  analogy  which  exifts  between  the  different 
vegetable  acids,  the  fucceffive  converfions  or 
tranfitions  they  undergo  ; I divide  the  different 
forms  of  the  acid  or  the  modifications  of  which 
vegetable  acidification  is  fufceptible,  into  fix 
genera:  this  is  the  fubjedt  of  the  firft  paragraph 
of  the  feventh  article.  The  fix  following  para- 
graphs comprehend  the  fix  diftinci  genera  of 
vegetable  acids  ; namely, 

The  firft  genus  or  the  native  and  pure  acids, 
to  the  number  of  five  fpecies,  the  gallic,  the 
benzoic,  the  fuccinic,  the  malic,  and  the  citric. 

The  fécond  genus,  or  the  acidulés  formed 
from  acids  partly  faturated  by  potafii,  the  ox- 
alic acidulé  or  the  fait  of  forrel,  the  tartareous 
acidulé  or  tartar:  the  oxalic  and  tartareous 
acids  are  examined  in  their  pure  ftate  after  each 
of  their  acidulés. 

The  third  genus^  or  the  empyreumatic  acids, 
produced  by  the  adlion  of  fire  on  vegetable 
matters  ; the  pyromucous,  the  pyroligneous, 
and  the  pyrotartareous.  Since  the  imprefiion 
of  this  article,  this  genus  of  acids  has  been 
deftroyed  by  the  new  refearches  in  which  Citi- 
zen Vauquelin  and  myfelf  have  been  engaged. 
From  thefe  it  refults  that  the  three  diftilled 
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acids  which  compofe  it , and  which  are  the  pro- 
duéts  of  mucilage,  wood,  and  tartar  by  diftilla- 
tion  are  merely  acetous  acid  holding  in  folution 
an  empyreumatic  oil,  arifing  from  the  action  of 
heat  on  each  of  thefe  fubfianccs.  In  effeCt, 
when  combined  with  the  earths  and  the  alkalis, 
they  afford  acetites,  entirely  fimilar  to  each 
other  ; no  difference  is  found  in  this  refpedt 
between  the  pyromucites,  the  pyrolignites,  and 
the  pyrotartrites;  they  all  afford  the  identical 
acetous  acid  when  diftilled  with  fulphuric  acid. 
On  the  other  hand,  fome  pure  acetous  acid  dif- 
tilled with  the  fpecies  of  empyreumatic  oil  ob- 
tained from  mucilages,  from  wood  or  from  the 
tartrites,  or  even  agitated  for  a time  with  thefe 
oils,  acquires  the  fmell,  the  brown  colour,  and 
all  the  fenfible  properties  which  characterize  the 
acids  produced  by  heat;  this  difcovery,  by 
multiplying  the  fourees  of  acétification,  dimi- 
nifhes  the  number  of  the  vegetable  acids  by 
three  fpecies. 

The  fourth  genus  of  vegetable  acids,  treated  of 
in  the  5th  paragraph  of  the  feventh  article, 
comprehends  the  new  factitious  acids  different 
from  thofe  which  are  found  in  nature,  produces 
originating  in  the  action  of  the  nitric  acid  on 
vegetable  matters.  There  are  three  fpecies  in 
this  genus;  namely,  1ft.  mucous  acid:  I give 
this  name  to  what  has  been  called,  in  the  me- 
• thodical  nomenclature  facchlaBic,  becaufe  it  is 
principally  formed  with  the  fugar  of  milk  ; the 
new  name  which  I have  given  to  it  is  more  ge- 
neral, 
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neral.  and  derived  from  its  formation  by  gurti-* 
my  and  mucilaginous  bodies,  as  well  as  by  the 
fugar  of  milk  ; 2d.  camphoric  acid  ; 3d.  fuberic 
acid.  Thefe  two  laft,  formed  by  the  action  of 
the  nitric  acid  on  camphor  and  on  cork,  are 
merely  indicated  in  this  article  ; I treat  them 
with  more  detail  in  the  particular 
thefe  two  matters. 

The  Vlth  paragraph,  including  the  fifth 
genus  of  vegetable  acids,  belongs  to  the  artifi- 
cial acids  formed  by  the  action  of  the  nitric 
acid  and  imitating  thole  of  nature,  includes 
three  fpecies  ; namely,  the  factitious  malic,  tar- 
tareous,  and  oxalic  acids.  I have  here  only  ex- 
plained the  means  by  which  they  are  obtained, 
becaufe  thefe  acids  have  already  been  examined 
in  the  lid  and  III d paragraphs.  I might  alfo 
add  here  the  acetous  acid,  one  of  thofe  mofi 
frequently  produced  by  the  nitric  acid,  if  I had 
not  conlidered  it  in  the  Tilth  and  laft  para- 
graph, where  I treat  of  thofe  formed  by  the  effect 
of  fermentation. 

I have,  however,  referred,  according  to  the 
order  1 have  adopted,  the  hiftory  of  the  acetous 
and  acetic  acids  to  the  fifth  order  of  fads,  where 
I have  treated  of  the  fpontaneous  alterations  of 
which  vegetables  are  fufceptible,  and  the  pro- 
duds  of  thefe  alterations. 

5th.  The  fecula,  treated  in  the  eighth  article 
of  the  fourth  order  of  fads,  prefents  in  the  me- 
thod I have  conftantly  followed  with  regard 
to  all  the  immediate  materials  of  plants,  an  in- 
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te  re  ft.  fo  much  the  greater  with  regard  to  the 
explanation  of  its  fituation,  its  extradlion,  its 
phyfical  and  chemical  properties,  and  its  fpecies 
or  different  modifications,  becaufe  its  ufes  fiiow 
it  to  be  one  of  the  molt  important  fubftances 
for  the  fupport  of  life,  as  it  forms  one  of  the 
principal  articles  of  food  of  man  and  of  ani- 
mals. 

6th.  The  gluten,  the  fubject  of  the  ninth  a r- 
ticle,  is  treated  with  great  care,  becaufe  in  its 
combination  with  fecula  in  that  moft  excellent 
food,  the  farina  of  wheat,  it  gives  it  part  of  the 
properties  which  are  peculiar  to  that  farina, 
and,  on  the  other  hand,  it  approaches  to  animal 
matters  by  its  chemical  characters,  owing  to  the 
prefence  of  azote  fixed  among  its  principles. 

7th.  The  extract,  comprifed  in  the  tenth  ar- 
ticle as  the  feventh  of  the  immediate  materials 
of  plants,  has  nothing  fimilar  to  what  were  for- 
merly named  extradas.  After  having  made  it, 
during  twelve  years,  one  of  the  fubjedls  of  my 
deepeft  ftudies,  relative  to  the  analyfis  of  quin- 
quina, I muff  explain  its  properties  in  fuch  a 
manner  as  to  give  to  it  a very  different  afpedt 
from  what  it  has  hitherto  ih  own.  It  is  no  long- 
er a pharmaceutic  preparation,  but  a particular 
body,  coloured,  fapid,  foluble,  abforbing  oxigen 
which  renders  it  infoluble  in  water,  containing 
alrnofi  always  the  acetites,  and  which  may  be  as 
properly  reckoned  in  the  lift  of  colouring  and 
dyeing  matters  as  of  medical  matters  ; it  is  a 

more 
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more  complicated  fubftance  than  all  the  pre* 

8 th»  The  fixed  oil,  the  eighth  of  the  végéta-* 
ble  materials,  treated  of  in  the  eleventh  article, 
is  eonfidered  under  feveral  new  relations,  re- 
lative to  its  nature,  and  its  fituation,  its  va- 
rieties, and  its  numerous  ufes. 

9th.  The  wax  and  fat  of  vegetables,  the 
ninth  of  their  materials,  not  having  been  before 
comprifed  in  this  clafs,  deferve  to  be  care- 
fully diftinguifhed,  as  to  their  nature,  their  fre- 
quency, and  their  ufes.  I thow  that  they  are 
formed  from  fixed  oils,  thickened  by  the  ab- 
forption  of  oxigen,  molt  frequently  expofed  to 
the  air  in  fmall  drops  or  in  very  (lender  coyer- 
ings  on  the  furface  of  the  grains  which  contain 
them. 

10th.  Volatile  oil,  the  tenth  of  the  imme- 
diate materials  of  plants,  is  treated  of  in  the 
thirteenth  article,  and  eonfidered  chiefly  by 
comparifon  with  fixed  oil  I deferibe  it  as  a 
compound  in  which  the  predomination  of  hidro- 
gen  forms  the  principal  character. 

1 1th.  Camphor,  the  fubject  of  the  fourteenth 
article,  is  prefented  as  conftantly  accompanying 
the  volatile  oil  which  it  refembles,  but  from 
which  however  it  differs  in  fome  peculiar  cha- 
racters, particularly  by  its  concrete  and  cryftal- 
line  ftate,  its  folubility  in  the  acids,  and  its  con- 
verfioninto  a peculiar  acid  by  the  aétion  of  ni- 
tric acid. 


12th.  Refin* 
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Î2th.  Ile  fin,  the  twelfth  of  the  immediate 
materials  of  vegetables,  the  fubjedl  of  the  fif- 
teenth article,  feems  to  have  the  fame  relation 
to  volatile  oil  as  wax  has  to  fixed  oil.  After  hav- 
ing prefented  their  generic  characters,  after  hav- 
ing treated  of  refinification  in  general,  I indi- 
cate, as  I have  done  with  regard  to  all  the  pre- 
ceding materials,  the  principal  fpecies  of  refins 
employed  in  medicine,  and  in  the  arts. 

13th.  The  gum  refins,  the  thirteenth  fpecies 
of  the  materials  of  plants,  are  treated  like  the 
refms.  In  the  fixteenth  article,  I give  their  ge- 
neric characters,  particularly  thofe  which  tend 
to  diftinguifh  them  from  the  retins,  and  I then 
indicate  the  moft  valuable  of  the  fpecies  in 
common  ufe. 

J4th.  Caoutchouc,  the  fourteenth  genus 
among  the  materials  of  vegetables,  is  particu- 
larly confidered  in  the  leventeenth  article  as  a 
fubftanee  very  different  from  the  gums  and  the 
refins,  with  which  it  feems  to  have  been  long 
confounded  by  its  denomination.  I fiiow  that 
it  ought  to  be  confidered  as  a fubfiance  fui  ge- 
neris, which  has  very  diftinét  phyfical  proper- 
ties and  chemical  characters.  Several  trees  fur- 
nifii  this  body  already  fo  ufeful  and  which  will 
hereafter  become  much  more  fo,  if,  as  I pro- 
pofe,  the  white  juice,  from  which  it  is  feparatcd, 
be  immediately  brought  from  our  colonies,  and 
|f  a fimilar  matter  be  fought  in  thofe  European 
vegetables  which  appear  to  contain  it. 

Vol.  I.  m 15th.  The 
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loth.  The  halfams,  the  fifteenth  of  the  im- 
mediate materials  of  plants,  treated  of  in  the 
eighteenth  article,  are  defended  as  natural  com- 
pounds of  refill  and  of  benzoic  acid.  This  de- 
nomination ought  no  Ion  o'er  to  be  vague  as  it 
formerly  was  ; it  is  no  longer  applicable  to  the 
liquid  ftate  of  the  refins  or  to  their  aromatic 
odour  only  : it  defignates  the  oily  juices  capa- 
ble of  affording  a concrete  volatile  acid  by  heat, 
by  water  and  principally  by  alkaline  leys,  which 
is  afterward  precipitated  by  muriatic  acid.  I 
ihow  that  the  number  of  the  halfams  muft  mul- 


tiply in  proportion  as  refearches  concerning  ve- 
getables become  more  exact,  and  that  in  addi- 
tion to  benzoin,  the  halfams  of  Tolu,  of  Peru, 
ftorax  and  liquid  amber,  which  formerly  were 
the  only  ones  known  in  this  genus,  it  is  necef- 
■fary  to  add  thole  of  vanilla  and  canella,  be- 
caufe  thefe  two  matters,  which  contain  a very 
odorous  oily  juice,  afford  alfo  the  benzoic  acid 
by  analyfis. 

1 6th.  I reckon  colouring  matters  as  the  fix- 
teeath  genus  of  the  immediate  materials  of  ve- 
getables : they  -form  the  fubject  of  the  nine- 
teenth article.  In  treating  of  the  coloration 


of  the  parts  of  plants  in  general,  I Ihow  that 
this  ohjedt,  much  lefs  known  than  that  part  of 
fcience  which  relates  to  the  extraction  and  to  the 
application  of  colours  for  painting  and  dyeing, 
is  one  of  the  leaft  advanced  parts  of  vegetable 
chemiftry.  1 then  pafs  to  the  enumeration,  the 
claffifi  cation  and  the  examination  of  the  co- 
louring 


PRELIMINARY  DISCOURSE. 


1 63 


louring  matters  ufeful  in  the  arts  ; I attempt 
to  reduce  to  a fyftem  the  practical  fafts  already 
known  concerning  thefe  matters*  and  to  divide 
them  into  chemical  compounds,  more  or  lefs 
different  from  thole  which  have  been  before 
treated  of.  The  new  notions  concerning  vege- 
table colours,  delivered  by  Citizen  Berthollet, 
are  more  particularly  turned  to  advantage  in 
this  article. 

1 7th,  18th,  lt9h,  and  20th.  The  four  laft 
immediate  materials  of  plants,  upon  which  I 
treat  after  the  fixteen  preceding,  have  not  hi- 
therto been  eonfidered  as  Inch  by  the  chemifts  ; 
I am  the  firft  who  have  diftinguifhed  and  com- 
prifed  them  in  the  clafs  of  compounds,  form- 
ing vegetables.  Before  the  courfe  which  I 
have  adopted  they  were  either  unknown  or 
neglected. 

I name  the  feventeenth  of  thefe  materials 
the  vegetable  albumen , on  account  of  its  ana- 
logy with  white  of  egg  or  the  animal  albumi- 
nous matter;  like  that  fubftance,  this  matter, 
which  I have  found  in  the  farina  of  wheat,  in 
the  juices  of  feveral  plants,  is  coagulable  by 
heat,  the  acids  and  alcohol  ; it  appears  to  ac- 
company the  green  fecula  of  expreffed  juices. 

The  ligneous  matter , the  eighteenth  of  the 
materials  of  vegetables,  is  their  folia  part,  a 
fpecies  of  vegetable  fkelet'on.  It  has  errone- 
ouflv  been  taken  for  an  earth.  Befides  its  cha- 
rafter  of  affording  a great  quantity  of  charcoal 
by  its  decomposition  by  heat  of  prefer ving  it- 
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fc If  for  a long  time  without  alteration  in  dry 
air,  of  changing  its  dimenfions  according  to  the 
hygrométrie  ftate  of  the  atmoiphere,  the  lig- 
neous matter  has  alfo  for  diftinctive  properties 
that  it  is  infoluble  in  cold  or  hot  water,  that  it 
becomes  charcoal  by  long  contact  with  that 
liquid,  and  is  converted  into  feveral  factitious 
acids  by  the  action  of  nitric  acid.  It  is  a com- 
pound which  differs  from  all  others  by  the  fu- 
perabtmdance  of  carbon  and  of  oxigen. 

The  tan,  or  tannin,  has  not  been  before  rank- 
ed among  the  immediate  materials  of  vegeta- 
bles, and  I have  placed  it  as  the  nineteenth  of 
thefe  materials,  from  the  care  with  which  it  has 
been  examined  by  Citizen  Séguin,  in  his  ex- 
cellent work  on  tanning.  A ftrong  and  as 
it  were  aromatic  odour,  a fharp  and  aftringent 
tafte,  folution  in  water,  precipitation  from  glue, 
in  an  infoluble  and  confervable  matter,  confti- 
tute  its  fpecific  charaéfers.  It  exifts  in  many 
vegetables,  almoft  always  with  the  gallic  acid, 

O 7 x!  C5  > 

which  is  difiinguifhed  from  it  by  precipitating 
the  fulphate  of  iron,  but  docs  not  precipitate 
animal  tub  trances.  Tannin  may  very  probably 
be  the  firft  of  febrifuge  or  antiperiod ic  medi- 
cines. 

Laftly,  I place  Jiiber  in  the  twentieth  and  Iaft 
of  the  immediate  materials  of  plants,  which  I 
treat  of  in  the  twentv-third  article.  I call  the 
matter  of  cork  fuber.  It  differs  from  every 
other  vegetable  fubftance  in  its  texture,  its 
faint  fin  ell,  its  weak  ailringent  tafte,  the  nature 
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of  the  products  which  it  affords  by  heat,  and 
the  kind  of  acid  which  it  forms  with  the  nitric 
acid.  I reckon  fuber  in  the  number  of  the  im- 
mediate materials  of  plants,  becaufe  1 have 
found  it  in  the  thick  bark  of  the  twifted  elm* 
and  becaufe  I believe  it  to  exift  in  the  epider- 
mis of  all  trees. 


The  twenty-fourth  and  laft  article  of  the 
IVth  order  of  fads  comprifed  in  the  chemical 
hiftory  of  vegetables  treats  of  matters  analo- 
gous to  thofe  which  are  known  to  be  foffii  or 
mineral,  but  exift  in  vegetables,  and  form  a 
part  of  their  materials  : thefe  are  the  faits  or 
fome  metallic  oxides,  rnoft  frequently  united 
with  mineral  acids. 

In  the  fifth  order  of  fads  relative  to  végéta- 
ble  compounds,  I treat  of  the  fpontaneous 
alterations  of  which  they  are  fufceptible. 

This  order  comprehends  eight  articles. 

The  firft  explains  the  nature  and  general 
caufes  of  thefe  fpontaneous  alterations.  After 
havino*  defined  them  as  movements  which  are 
fpontaneoufly  excited  in  vegetable  lub  fiances, 
I fliow  that  they  are  owing  to  the  ternary  or 
quaternary  compofition  of  thefe  fubfiances,  and 
to  the  multiplied  attractions  which  exift  be- 
tween their  principles  more  numerous  than  thole 
of  minerals,  as  well  as  to  the  weaker  adherence 
of  thefe  principles. 

The  fécond  prefents  thofe  movements  vhich 
conftitute  the  fermentations  divided  into  lève- 
rai fpecies, 
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The  third  comprehends  the  faccharine  fer- 
mentation. I prove  that  the  fugar  is  formed 
by  a true  fermentation  which  precedes  the 
vinous  fermentation  ; that  it  is  thus  re-produced 
in  . the  maturation  of  fruits,  and  in  the  germi- 
nation of  grains. 

The  fourth  article  is  appropriated  to  the  hif- 
tory  of  the  vinous  fermentation  and  of  its  pro- 
duct. This  hiftorv  being:  one  of  the  moft  im- 
portant  parts  of  chemiftry,  I divide  the  article 
which  belongs  to  it  into  fix  paragraphs.  The 
firft,  contains  the  definition  and  literary  hiftory  of 
the  vinous  fermentation  ; the  fécond,  explains 
the  conditions  which  are  necdfary  that  it  iliould 
take  place  ; the  third,  the  phenomena  with 
which  it  is  accompanied  ; the  fourth,  exhibits 
the  properties  of  its  immediate  produd  or  wane; 
the  fifth,  thofe  of  its  remote  produd,  alcohol  ; 
and  the  ilxth,  treats  of  the  caules  or  mechanifm 
of  that  fermentation.  This  divifioii  permits  me 
in  very  few  words  to  p refen t all  the  ufeful  fads 
which  this  interefting  fubjed  of  fermentation 
and  the  nature  of  wane  includes,  and  particu- 
larly to  refolve  with  fimplicity  the  problem  of 
the  converfion  of  fugar  into  wine,  of  alcohol 
into  ether,  of  the  great  inflammability  of  tliefe 
two  products  ; problems  which  were  regarded 
as  infoluble  foine  years  ago,  and  fhow  in  their 
actual  folution  the  progrefs  which  modern  che- 
miftry has  made  in  the  knowledge  of  the  phe- 
nomena of  nature.  This  article  is  therefore  one 
of  thofe  which  contains  moft  new  fads,  and  dif- 
fers 
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fers  moft  elfentially  from  what  ex  Hied  in  the 
ancient  works  on  cliemiftry, 

J 

The  fifth  article  treats  of  the  acetous  fer- 
mentations according;  to  the  fame  method  as 
the  preceding.  I there  explain  in  fix  fueceffive 
paragraphs,  1 ft,  the  conditions  and  the  pheno- 
mena of  that  fermentation  ; 2d,  the  different 
procefies  by  which  vinegar  is  obtained  ; 3d,  the 
properties  of  that  four  liquid  ; 4th,  thofe  of 
the  acetous  acid  ; 5th,  the  modification  of  that 
acid  into  acetic  acid  ; 6th,  its  ufes.  This  ob- 
ject has  affirmed  a much  more  direct  interefi  to 
chemifts,  fince  I have  fhown,  by  a work  which 
is  common  to  Citizen  Vauquelin  and  myfelf, 
that  the  formation  of  the  acetous  acid  is  one 
of  the  moft  common  and  moft  frequent  facts  of 
vegetable  cliemiftry  ; that  the  action  of  heat, 
of  ftrong  acids,  and  of  a fermentation  dif- 
ferent from  that  of  which  the  wines  are  fuf- 
ceptible,  produce  acetous  acid,  by  decom- 
pofing  a great  number  of  organized  vegetable 
or  animal  fubftances,  and  that  this  acid,  form- 
ed in  many  different  eircumftanccs,  differs  in 
itfelf,  accordingly  as  it  is  united,  either  with  an 
empyreumatic  oil  or  with  a portion  of  alcohol, 
or  with  other  vegetable  acids,  or  with  oily  am- 
monia. 

In"  the  fixth  article,  I fpeak  of  the  panary 
and  colouring  fermentations.  The  firft,  takes 
• place  in  fermented  pafte  of  which  bread  is  made  ; 
the  fécond,  in  the  vegetable  matters  which  afford 
certain  red  and  blue  colours.  Thcfc  two  move- 
ments 
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merits  are  ftill  little  known;  there  is  reafon  to 
believe  however  that  the  firft  is  coinpofed  of 
the  three  fermentations,  the  vinous,  the  acid 
and  the  putrid,  fince  Citizen  Vauqueljn  has  dift 
covered  acetous  acid  and  ammonia  completely 
formed  in  bread,  and  that  the  fécond  is  a fep- 
tic  decomposition,  fince  it  gives  out  a fetid 
odour  and  much  ammonia.  Thefe  two  kinds 
of  fermentation  deferve  a hill  more  profound 
ftudy,  and  obfervations  more  precife  than  thofe 
which  have  hitherto  been  made  on  this  fub- 

jea. 

The  feventh  article  is  devoted  to  the  vegeta- 
ble putrid  fermentation.  I there  confider,  in 
four  paragraphs,  If  , the  keeping  of  hemp,  flax, 
&c,  ; 2d,  rotten  w ood  ; 3d,  dung  ; 4th,  mould. 
Thefe  are  the  four  circumftances  and  the  four 
mo  ft  frequent  and  moft  remarkable  products  of 
the  feptic  decompofttion  of  vegetables  : they 
have  not  yet  been  comprifed  till  now  in  the 
outline  of  vegetable  analyfts  ; I have  thought 
it  neceffary  to  apply  it  to  this  part  of  chemif- 
try,  which  is  ftill  in  its  infancy.  They  prefen t 
fads  ufeful,  at  the  fame  time,  to  the  philofophy 
of  the  fcience,  and  to  the  arts  which  depend 
more  or  lefs  diredlly  on  this  fubjech 

The  eighth  and  laft  article  of  this  fifth  order 
of  the  chemiftry  of  plants,  has  for  its  object 
the  flow  decompofttion  and  the  different  altera- 
tions of  which  vegetables  are  fufceptible  when 
they  are  buried  in  the  bofom  of  the  earth.  I 
examine,  in  four  paragraphs,  1ft,  foffil  wood  ; 

2d,  peat; 
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£d,  peat  ; 3d,  the  bitumens,  4th,  petrified  wood. 
The  bitumens,  a fpecies  of  fubterraneous  pro- 
ducts from  buried  wood,  have  required  the  mo  ft 
extended  details  in  this  article.  After  having 
explained  their  general  characters,  I divide  them 
into  four  principal  fpecies,  which  I confider 
fucceffively  ; namely,  liquid  bitumen,  pit-coal, 
jet,  and  amber. 

Since  this  article  of  my  work  was  printed, 
cliemifts  have  been  occupied  in  the  careful  exa- 
mination of  a combuftible  tofiil  difcovered  forne 
years  ago  in  Germany,  and  which  has  been 
named  honigjtein  by  Werner,  honey -ft  one  or 
mellite  by  other  naturalifts.  This  foffil,  of  a 
yellow  colour  like  draw,  but  rather  deeper,  is 
found  in  the  bituminous  woods  : it  was  at  firft 
compared  to  amber.  Its  primitive  form,  accor- 
ding to  Citizen  Haiiv,  is  a reélan  pillar  oCtahc- 
dron  ; its  cryftals  frequently  prefen t truncated 
oclahedra,  of  which  the  terminal  facets  are  cur- 
vilineal  : they  fometimes  prelent  dodecahedrons, 
approaching  to  a rhomboid.  According*  to  the 
fame  obferver,  the  mellite  has  a very  fen  bole 
double  refraction,  while  amber  has  only  a fim- 
ple  refraélion  ; its  infulated  cryftals  eafiiy  ac- 
quire a ftrong  refmous  electricity  ; but  it  is 
fcarcely  fenfible,  when  its  cryftals  are  rubbed 
without  inlulation. 

M.  Klaproth,  in  analyftng  the  mellite,  found 
• it  to  contain  alumine  and  a peculiar  vegetable 
acid. 
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Citizen  Y auquelin  lias  communicated  to  me 
an  examination  which  he  has  lately  made  of 
fouie  fin  ail  cry  fiais  which  were  fent  to  him  bv 
M.  Àbildgaard  of  Copenhagen,  or  given  by 
M.  Monthly,  profefforof  chemiftry,  in  the  fame 
city. 

The  mellite  is  infipid  and  infoluble  in  water. 
When  heated  in  a retort,  it  is  decompofed,  and 
affords  a bituminous  and  empyreumatic  water, 
carbonic  acid,  and  a concrete  volatile  fait  ; the 
refidue  is  coal.  Upon  ignited  charcoal  or  in 
an  open  crucible,  it  burns  like  a vegetable 
combuftible  : inftead  of  leaving  charcoal,  after 
its  combuftion,  it  only  p refaits  a greyifh  white 
matter,  which  has  all  the  characters  of  alumine, 
mixed  with  a little  lime. 

The  cauffic  fixed  alkalis  diffolve  the  mellite 
almoft  totally,  and  only  leave  a little  undilfolv- 
ed  lime  and  charcoal.  The  alkaline  carbonates 
decompofe  it  with  effervefccnce  ; a deep  brown 
refidue  afterwards  remains,  compofed  of  alu- 
mine, of  a little  lime,  and  of  a brown  bitumi- 
nous oil.  By  burning  this  laft  refidue,  it  be- 
comes white,  and  affords  by  the  fulphuric  acid 
fulphate  of  lime  and  fulphate  of  alumine, 
which  is  changed  into  alum  by  the  addition  of 
fulphate  of  potaih. 

The  potaffi  with  which  the  mellite  was  treat- 
ed is  in  a faline  and  very  foluble  ftate.  An  acid 

i/ 

added  in  excefs  to  the  concentrated  folution  of 
that  fait,  feparates  from  it  brilliant,  acidulous, 
yeliowiili  cryftals,  which  greatly  referable  the 

oxalic 
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oxalic  acidulé,  but  however  differ  from  it  in 
certain  properties.  Like  the  oxalic  acidulé,  it 
precipitates  the  aqueous  folutions  of  lime,  of 
barytes,  of  ftrontian,  of  muriate  of  barytes  in 
cryftals,  thofe  of  mercury,  of  lead,  and  of  hiver 
in  the  nitric  acid;  but  while  it  precipitates, 
like  the  firft,  the  foiution  of  the  fulphate  of 
lime,  the  acidulé  of  mellite  forms  tranfparent 
cryftals,  whereas  the  oxalic  acidulé  only  affords 
a pulverulent  and  opaque  precipitate.  It  differs 
alfo  from  it,  in  precipitating  the  foiution  of 
the  fulphate  of  alumine  ; which  the  oxalic 
acidulé  does  not.  Laftly,  it  is  much  more  in- 
flated on  charcoal,  and  emits  much  more  fmoke. 
Thefe  two  differences  appear  fufficient,  accord- 
ing to  Citizen  Vauqueiin,  to  diftinguifli  the 
acid  of  mellite,  and  to  coniider  it  with  M.  Kla- 
proth as  a peculiar  acid. 

The  mellite,  or  honigftein,  is  then  a fait  with 
a bafe  of  alumine  and  a peculiar  vegetable  acid, 
mixed  with  a little  lime  and  bitumen  : it  is  pro- 
duced, like  amber,  from  the  fubterraneous  de- 
compolition  of  trees,  and  belongs  to  the  fame 
clafs  of  natural  produis. 

After  the  examination  of  the  bitumens,  I 
ffiow  that  the  petrifaction  of  wood  which  has 
been  the  fource  of  fo  much  error  in  natural  hif- 
tory,  is  not,  as  has  been  thought,  a conversion 
of  ligneous  fibres  into  ftone,  but  a real  depofi- 
• tion  of  the  earthy  lubject,  in  a mould  left  by 
the  vegetable  fibres  in  the  bofom  of  the  earth, 
with  which  they  have  been  on  all  parts  environ- 
ed 
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ed  and  preffed.  And  thus  by  the  laft  trace  of 
their  exiftcnce  which  vegetable  compounds 
leave,  I terminate  the  outline  of  the  chemical 
phenomena  to  which  thefe  compounds  give 
origin. 

The  fix th  and  laft  order  of  fabts  which  eon- 
ftitutes  the  whole  of  vegetable  chemiftry  in- 
cludes the  chemical  phenomena  which  living 
vegetables  prefent,  or  the  vegetable  phyfiology 
explained  by  the  chemical  powers.  This  order 
is,  under  a certain  afpebt,  the  completion  of  the 
whole  of  vegetable  chemiftry  ; it  comprehends 
the  moil  immediately  ufeful  refults  and  appli- 
cations which  that  genus  of  analyfis  prefents 
to  the  philofopher.  I endeavour  to  prove  that 
the  philofophy  of  vegetables  is  entirely  com- 
prehended in  chemical  experiments,  that  che- 
miftry alone  can  refolve  the  different  problems, 
and  that  without  it  there  would  be  nothing  but 
obfcurity  or  myftery  in  this  department  of  hu- 
man knowledge. 

To  prove  this  affertion,  I divide  this  ftxth 
order  into  ten  articles. 

The  lirft  article  exhibits  vegetables  as  fpecies 
of  inftruments  or  chemical  apparatus  deftined 
by  nature  to  unite,  in  triple  compounds  at  leaft, 
the  materials  which  they  derive  from  the  diffe- 
rent media  in  which  they  find  their  nourifii- 
ment. 

In  the  fécond  article,  I confider  the  nutrition 
of  vegetables  in  general  as  an  operation  per- 
forine* 1 by-  a feries  of  chemical  combinations  of 

which 
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which  the  refait  is  to  form  the  vegetable  com- 
pound. 

In  the  III,  IV,  V,  VI,  VII,  and  VIII  arti- 
cles, Î confider  the  influence  which  light,  air, 
water,  carbonic  acid  gas,  the  foil  and  manures 
exercife  on  vegetation.  I fhow  that  among 
thefe  matters,  lbme  are  the  auxiliaries  or  the 
means  which  favour  the  development  of  plants; 
and  that  others  are  the  materials  more  or  lefs 
alimentary  in  themfelves,  or  carrying  with 
them,  as  vehicles,  nutritive  fubftances  which 
undergo  either  decompofition  or  new  combina- 
tions, frequently  both  at  the  fame  time  : fo  that 
the  refults  are  a formation  of  compounds  more 
or  lefs  complicated,  which  gradually  augment 
the  mafs  and  extent  of  vegetables,  and  of  which 
a ufelefs,  fuperfluous  or  dangerous  portion,  flows 
externally  to  their  furface,  cither  in  liquids,,  or 
in  gafeous  fluids. 

The  ninth  article  is  deftined  to  explain  thofe 
chemical  effects  which  take  place  in  the  exercife 
of  the  vegetable  fendrions.  I there  fhow  that 
all  thefe  functions  are  the  products  or  the  refaits 
of  true  chemical  operations,  of  decompofitions, 
and  recompofitions  arifing  from  elective  attrac- 
tions. I fucceffively  enumerate,  as  vegetable 
functions,  the  motion  of  the  fap,  fecretion,  irri- 
tability, nutrition,  extravafation,  tranfpiration, 
direction,  deep,  germination,  foliation,  flower- 
dno*  and  fructification.  I do  not  content  mv- 

' X/ 

lelf  with  flowing  the  chemical  phenomena  of 
each  of  the  functions;  but  I like  wife  prove  that 

they 


17  4 


PRELIMINARY  DISCOURSE, 


they  can  be  nothing  elfe  than  the  real  effects  of 
attractions  which  produce  the  change  and  the 
new  competition  of  the  matters  conveyed  from 
without  into  vegetables. 

Laftly,  I p refen  t,  in  the  tenth  and  laft  article 
of  this  fix tli  order  of  facts,  a rapid  Ike t eh  of  the 
modifications  which  art  produces  in  living  ve- 
getables, of  the  alfe rations  which  they  undergo 
by  a number  of  external  caufes,  or  of  the  dif- 
eafes  which  attack  them.  In  a general  view 
of  the  varieties  which  culture  produces  in  plants, 
or  furrounding  caufes  produce  in  them,  foreign 
to  a found  hate,  I fiiow  that  the  whole  is  never- 
thelefs  fubmitted,  in  this  kind  of  confidera- 
tion,  to  the  influence  of  chemical  agents  and 
powers. 

It  muft  follow  from  all  the  facts  contained  in 
this  feventh  fection  of  my  work,  as  I endeavour 
to  prove,  that  vegetable  chemiftry,  far  from 
being  limited  to  the  finely  and  the  amelioration 
of  certain  arts,  as  was  formerly  the  cafe,  is  now 
elevated  to  the  talk  of  explaining  and  account- 
ing for  the  greateft  phenomena  of  nature. 


NOTICE  OF  THE  EIGHTH  SECTION. 
Concerning  Animal  Compounds. 

THE  eighth  feétion,  appropriated  to  the  che- 
mical hiftory  of  animal  fubftances,  follows  a 
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coiirle  fimilar  to  that  of  the  preceding,  on  ac- 
count of  the  analogy  which  exifts  between  thefe 
fub fiances  and  vegetable  matters.  It  is  divided 
into  no  more  than  four  orders  of  facts  inftead  of 
fix,  becaufe  the  animal  analyfis,  though  greatly 
advanced  during  the  lait  twenty  years,  and 
though  here  treated  with  details,  and  in  a me- 
thod which  I think  I may  affirm  to  have  been 
entirely  unknown  before,  does  not  prefent  a 
feries  of  difcoveries  and  of  facts  fo  complete  as 
that  of  vegetable  fuhftances. 

The  firft  order  of  facts,  which  contains  ge- 
neralities e once  rain  o'  the  anatomical  ftructure 

o 

and  chemical  compofition  of  animals,  treats,  in 
four  articles,  of  the  whole  of  their  organs,  of 
the  functions  which  they  exereife,  of  the  hiftory 
of  the  chemical  difcoveries  to  which  they  have 
given  rife,  and  of  the  new  data  which  modern 
analyfis  has  furnifhed  concerning  the  confti- 
tuent  elements  of  animal  compounds. 

In  the  fécond  order  of  facts,  I deferibe  the 
chemical  properties  of  animal  compounds  in 
general,  or  the  manner  in  which  thefe  corn- 
pounds  are  affected  by  the  principal  agents  of 
chemiftry.  This  is  one  of  the  neweft  parts  of 
the  whole,  and  one  of  thofe  which  I have  treat- 
ed with  the  greateft  care,  as  well  on  account  of 
its  importance,  as  of  the  novelty  of  the  flihjedh 
This  order  of  facts  is  divided  into  ten  articles. 
After  the  general  confiderations  concerning:  the 
principles  of  animal  chemiftry,  which  compote 
the  firft  of  thefe  articles,  I explain  in  the  fécond, 
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the  aclion  of  caloric  on  the  animal  compound- 
and  I compare  it  with  what  the  vegetable  mat- 
ter undergoes.  Much  fætor  in  the  products,  a 
thick  and  abundant  oil,  concrete  carbonate  of 
ammonia,  and  two  or  three  other  ammoniacal 
faits,  carbonated  and  fulphurated  hidrogen  gas, 
a charcoal  de  rife  and  difficult  to  burn,  and 
charged  with'  phofphate  : thefe  characterize  the 
animal  compound. 

The  addons  of  air  and  water  on  the  fame 
compound  are  explained  in  the  Hid  and  IVth 
articles  ; and  its  alteration  by  thefe  agents,  fo 
totally  different  from  that  of  the  vegetable 
compound,  thews  a di  if  motive  character  which, 
as  well  as  the  facts  announced  in  the  preceding 
article,  depends  on  the  prefence  of  azote  and 
the  fuperabundance  of  hidrogen. 

The  Vth  article  confiders  the  action  of  the 
acids  on  animal  matters  ; I there  thow  that 
that  action  is  the  moft  definite  and  the  moft 
remarkable  character  of  thefe  fubitances.  The 
alteration  and  decompofitions  which  they  un- 
dergo by  the  nitric  acid  principally  occupies 
this  article. 

I flow  in  what  manner  the  animal  com- 
pounds  are  changed  by  that  acid  into  azotic 
gas,  into  carbonic  acid  gas  and  pruffic  acid, 
into  water,  into  ammonia,  into  fat,  into  a bitter 
yellow  matter,  and  into  the  oxalic  and  acetous 
acids.  The  action  of  the  other  acids  is  not 
overlooked,  though  infinitely  lefs  important 
than  that,  of  the  nitric  acid,  in  explaining  the 
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properties,  the  characters,  and  the  cornpofition 
of  animal  fubltances* 

In  the  Vlth  article,  I trace  the  aCtioii  of  the 
pure  alkalis  on  thefe  fubftances  ; I prove  that 
the  alkalis  by  diffolving  them  convert  a por- 
tion into  ammonia  which  is  volatilized,  and 
into  oil  which  forms  a foap  with  them.  I fhow 
that  it  is  on  this  that  the  very  active  energy  of 
the  alkalis  upon  the  animal  compound  depends, 
and  that  this  energy  ferves  alfo  to  explain  the 
nature  and  the  difference  of  its  cornpofition. 

In  the  Vllth  article,  I examine  the  aCtion  of 
the  faits,  of  the  oxides,  and  of  the  metallic  fo* 
lutions  on  the  animal  compound  ; I fhow  how 
the  firft  preferve,  and  how  the  fécond  deftroy 
it. 

In  the  Ylllth  article,  I explain  the  mode  of 
action  of  vegetable  fubftances  on  that  com* 
pound,  and  though  it  is  much  varied  on  ac- 
count of  the  difference  of  thefe  fubftances,  I 
deduce  from  it  a generic  and  diftinCtive  cha- 
racter of  animal  matter. 

Article  IXth.  By  prefenting  the  formation 
of  the  pruffic  acid  as  one  of  the  moft  charac- 
teriftic  properties  of  the  animal  compound,  I 
generalize  the  production  of  the  animal  acids  as 
a phenomenon  which  it  is  of  importance  to 
ftudy  in  the  animal  compound. 

The  fame  is  the  cafe  with  putrefaction,  the 
fubjeét  of  the  Xth  and  laft  article  of  the  fécond 
order  of  fabts.  Admitted  long  ago  as  the  moft 
definite  character  of  animal  compounds,  this 
Vol  L n fpontaneous 
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fpontaneous  decompofition  is  at  prefent  much 
Better  known  as  to  its  caufe,  its  phenomena, 
and  its  products  than  it  formerly  was  ; and  I 
have  attempted,  after  my  own  obfer valions,  to 
give  a more  accurate,  though  much  more  pré- 
cité hiftory,  than  has  hitherto  been  made. 

The  third  order  of  fads  belonging  to  this 
part  of  chemiftry,  comprehends  the  examina- 
tion of  the  chemical  properties  of  animal  fub- 
ftances  in  particular.  It  anfwers  to  that  of  the 
preceding  fedion,  in  which  I have  placed  the 
hiftory  of  the  immediate  materials  of  vegeta- 
bles. This  is  the  longeft  and  the  moft  detailed 
of  the  orders  of  this  eighth  fedion,  becaufe  it  is 
appropriated  to  the  treatment  of  animal  matters 
feparate  from  each  other  ; accordingly,  it  con- 
tains thirty-four  articles,  of  which  feveral  are 
more  extenfive  than  any  of  the  two  preceding 
orders. 

After  having  treated,  in  the  firft  article,  on 
the  different  modes  of  claffmg  animal  matters, 

I give  a table  in  which  I divide  them  methodi- 
cally with  regard  to  their  origin,  their  regions, 
and  their  ufes. 

In  the  fécond  article,  I give  the  chemical  hif- 
tory of  blood  ; I divide  that  article,  on  account 
of  the  importance  of  its  lubjed,  into  nine  para- 
graphs, where  I fucceffively  confider,  1ft,  the 
hiftory  of  the  analyfis  of  blood;  2d,  its  general 
properties  ; 3d,  its  feparation  into  feveral  imme- 
diate materials  ; 4th,  the  ferum  ; 5th,  the  coagu- 
lum  or  enror  ; 6th,  its  colouring  part;  7th,  its 
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fibrous  part  ; 8th,  its  differences  or  variations  ; 
9th,  the  changes  of  which  it  is  fufceptible. 
Under  thefe  nine  titles  are  comprifed  all  the 
fadts  at  prefent  known  concerning  this  vital 
liquid,  and  all  the  new  truths  afforded  by 
chemiflry,  which  might  be  fought  for  in  vain 
in  any  other  fyflematic  work. 

The  third  article  is  confined  to  the  lymph, 
which  is  little  known. 

The  fourth,  to  fat  and  the  febacic  acid,  the 
properties  and  nature  of  which  begin  to  throw 
much  light  on  animal  phyfics. 

The  fifth,  to  the  humour  of  tranfpiration,  of 
fweat,  and  of  the  interior  cavities,  concerning 
which  we  have  but  few  notions,  though  indeed 
much  more  precife  than  we  had  of  them  for- 
merly. 

The  fixth,  to  fynovia,  a matter  yet  little 
treated  of. 

The  feventh,  to  the  cellular,  membranous, 
tendonous,  ligamentous  textures,  all  approxi- 
mating to  each  othei  by  the  gelatine  which  they 
equally  furnifh  by  the  aid  of  water,  and  differ- 
ing only  in  their  form  and  their  denfity. 

The  eighth,  to  themufcular  or  flefliy  texture, 
prefenting  in  its  irritable  parenchyma,  deprived 
of  whatever  acceffories  it  contains,  the  fibrous 
matter  which  the  blood  there  depofits. 

The  ninth,  to  the  texture  of  the  dermis  and 
epidermis,  analogous,  under  certain  relations,  to 
the  membranous  texture,  but  differing  from  it 
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in  fome  properties  which  form  the  fubject  of 
this  article. 

'-i 

The  tenth,  to  the  horny  texture  of  the  down, 
of  the  hair  and  of  the  nails,  very  little  ex- 
amined by  chemifts,  but  which  merits  all  their 
attention. 

The  eleventh,  to  the  cartilaginous  texture,  a 
fpecies  of  half  folid,  elaftic  matter  which  has 
not  yet  been  ftudied  chemically. 

The  twelfth,  to  the  offeous  texture,  concern- 
ins:  which  the  difcoveries  of  Scheele  and  of  the 

o 

chemifts  who  have  profecuted  his  original  re- 
fea  relies,  have  difeovered  facts  entirely  unknown 
till  their  time,  and  calculated  to  throw  a ftrong 
light  on  the  functions  and  difeafes  of  the 
bones* 

The  eleven  flrft  articles  of  the  II Id  order 
comprehend  all  together  the  matters  which  be-» 
long  to  the  whole  body  of  animals,  which  are 
found  in  every  region,  and  which  conftitute 
their  general  organization.  In  the  twenty-two 
following  are  placed  the  particular  matters 
which  exift  in  the  cranium,  in  the  different  re- 
gions of  the  face,  in  the  thorax  and  in  the  ab- 
dominai cavity. 

The  thirteenth  article  treats,  in  four  para- 
graphs, on  the  cerebral  and  nervous  pulp,  of 
the  nervous  fluid,  of  the  liquor  of  the  ventri- 
cles of  the  brain  and  of  the  concretions  of  the 
pineal  gland,  matters  of  which  no  chemift  has 
yet  either  attempted  the  examination,  or  indi- 
cated the  properties, 
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The  fourteenth  of  the  aqueous,  vitreous, 
cryftalline  humours  and  of  tears,  alfo  omitted 
in  the  arrangements  of  the  chemifts. 

The  fifteenth,  of  the  nafal  mucus. 

The  fixteenth,  of  the  humours  of  the  mouth, 
principally  of  the  faiiva,  of  the  falivary  calcu- 
lus, and  of  the  tartar  of  the  teeth. 

The  feventeenth,  of  the  wax  of  the  ears. 

The  eighteenth,  of  the  tracheal  and  broncheal 
humours,  of  the  pulmonary  gas  and  concre- 
tions. All  thele  animal  humours  have  been 
paffed  over  almoft  in  filence  in  the  treatifes  of 
chemiftry.  The  accounts  given  of  them  by 
phyfiologifts  have  been  moft  commonly  filled 
with  errors  and  inaccuracies  : and  though  what 
I deliver  is  not  the  product  of  refearches  iutfi- 
ciently  completed,  nor  of  experiments  fufiici- 
ently  numerous  and  definite,  thefe  articles  are 
cliftimruilhed  from  what  has  hitherto  been  writ- 
ten,  not  only  becaufe  I have  confined  myfelf  to 
certain  facts  or  definite  analogies,  but  alfo  be- 
caufe' many  of  thefe  humours  have  been  the 
fu bj efts  of  refearches  more  or  iels  conliclerable, 
undertaken,  as  well  by  myfelf  in  particular,  as 
by  my  pupil  and  friend  Citizen  Vauquelin. 

The  fubject  of  the  nineteenth  article,  which 
is  very  different  from  thofe  of  the  fix  preceding- 
articles,  has  afforded  me  the  afiiltance  of  a great 
number  of  refearches,  made  by  many  able  men, 
•becaufe  it  treats  of  the  well  known  and  much 
ufed  animal  liquor,  milk.  I had  only  to  choole 
among  the  numerous  refults  which  the  hiftory 
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of  the  fcience  prefented  to  me.  This  article 
neverthelefs  contains  a feries  of  fa61s  which  are 
due  to  me.  I have  divided  it  into  eight  para- 
graphs, in  which  I have  fucceffively  examined, 
1ft,  the  natural  hiftory  and  the  formation  of 
milk;  2d,  its  phyfical  properties;  3d,  the  che- 
mical analyfis  of  milk  intire  ; 4th,  that  of  fe- 
rum  or  fkimmed  milk;  5th,  the  cafeous  matter; 
6th,  the  buttery  fubftance;  7th,  the  different 
fpecies  of  milks  employed  ; 8th,  laftly,  the  eco- 
nomical and  medicinal  ufes  of  that  liquid. 

In  the  XXth  article,  I begin  the  examina- 
tion of  the  animal  matters  belonging  to  the  ab- 
dominal region  with  that  of  the  gaftricand  pan- 
creatic juices,  liquids  concerning  which  a great 
many  fabulous  accounts  have  been  given,  and 
the  former  of  which  only  began  within  a few 
years  to  be  fubmittçd  to  a feries  of  experi- 
mental refearches. 

The  XXIft  article  treats  of  the  bile  ; this  is 
one  of  the  animal  humours,  which  is  leaft  known, 
I have  divided  its  hiftory  into  feven  paragraphs; 
namely,  1ft,  the  fecretion  of  the  bile  ; 2d,  its 
phyfical  properties  ; 3d,  its  chemical  properties  ; 
4th,  examination  of  its  different  conftituent 
materials,  fingly  confidered  ; 5th,  the  varieties 
of  the  bile  in  different  animals  ; 6th,  its  ufes  in 
the  animal  economy  ; 7th,  laftly,  its  medicinal 
and  economical  ufes.  Here,  as  in  all  the  other 
articles  relative  to  animal  cherniftry,  while  I 
have  related  whatever  chemifts  have  faid  com 
cerning  the  bile,  I have  alfo  detailed  the  refaits 
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of  my  particular  refearches,  and  have  ihown  of 
how  great  ufe  the  exaét  knowledge  of  this  li* 
quid  is  to  phvliology  and  to  pathology.  I have 
particularly  infilled  on  the  concrefcible  oil  and 
the  bitter  colouring  matter  of  the  bile,  as  well 
as  on  the  faits  it  holds  in  fo  hit  ion,  and  the  va-» 
riety  of  ftates  which  it  prefents. 

The  XXIId  article,  which  treats  of  the  bilia- 
ry  calculi,  may  be  regarded  as  entirely  new, 
becaufe  chemifts  have  written  fcarcely  any  thing 
concerning  it  hitherto,  and  becaufe  they  have 
been  the  lubjebt  of  feveral  difcoveries  peculiar 
to  myfelf.  From  their  well  known  nature,  de- 
termined  by  my  analyfis,  I have  derived  a me- 
thod of  claffing  tliefe  concretions,  with  other 
important  conliderations  refpebhng  their  caufe, 
their  formation  and  their  treatment. 

In  the  XXIIId  article,  I fpeak  of  certain 
matters  belonging  to  the  inteftines  and  yet 
very  little  known,  fuch  as  the  inteftinal  hu- 
mour, the  chyle,  the  excrements,  the  inteftinal 
gas  and  calculi.  I do  not  forget  to  ftate  the 
utility  and  importance  of  refearches  made  on 
thefe  fubftances. 

In  the  XXI Vth  article  I have  combined 
whatever  is  at  prefent  known  concerning  cer- 
tain  liquors  peculiar  to  the  foetus,  fuch  as  the 
liquor  of  the  amnios,  the  cutaneous  covering 
which  envelops  it,  the  fubrenal  humour  and  the 
•meconium.  There  is  none  of  thefe  liquids 
which  may  not  become  the  fubjeft  of  valuable 
experiments,  if  we  may  form  a judgment  from 
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what  has  juft  been  difcovered  by  Citizens  Van- 
quelin  and  Buniva  concerning  the  liquor  of  the 
amnios.  I have  given  in  detail  the  hiftory  of 
this  laft  difcovery. 

The  XXVth  article  contains  the  chemical 
examination  of  urine.  The  importance  of  this 
part  of  animal  chemiftry,  the  numerous  re- 
fearches  of  which  it  has  been  the  fubject  during 
a century,  the  difcoveries  which  it  has  given  an 
opportunity  to  Citizen  Vauquelin  and  myfelf 
to  make,  and  particularly  the  grand  applica- 
tions of  thefe  difcoveries  to  animal  phyftcs,  have 
engaged  me  to  treat  of  this  liquor  with  all  the 
extent  it  requires.  I have  divided  this  article 
into  fix  paragraphs,  which  treat,  1ft,  of  the  for- 
mation of  urine  ; 2d,  of  its  phyftcal  properties  ; 
3d,  of  the  hiftory  of  the  fucceftive  difcoveries 
to  which  it  has  given  birth  ; 4th,  of  its  che- 
mical properties  and  of  its  analyfis  ; 5th,  of  the 
matters  which  are  contained  in  it,  conlidercd 
particularly  after  each  other  ; 6th,  of  the  urée, 
a name  which  I have  given  to  a fubftance  dif- 
ferent from  every  other  animal  matter,  and 
which  charadterifes  urine  ; 7th,  concerning  the 
varieties  of  that  liquid  in  the  different  circum- 
ftaneçs  of  life  ; 8th,  its  differences  in  animals  ; 
9th,  application  of  the  new  chemical  fabts  which 
relate  to  it,  to  the  philofophy  of  the  human 
ftrudlure  ; 10th,  laftly,  concerning  its  medicinal, 
chemical  and  economical  ules.  In  this  me.' 
thodical  arrangement,  all  the  notions  at  prefent 
acquired  concerning  urine  are  included  ; and, 
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by  reading  it  with  proper  attention,  the  ftudeni 
will  foon  difcover  that  no  fubftanee  is  better 
entitled  to  the  attention  of  philofophers  than 
this  Angular  product  of  animalization,  deftined, 
when  it  tli all  be  ttudied  with  all  the  care  which 
it  cleferves,  to  afford  a folution  of  the  moft  dif- 
ficult problems  of  phyfiology  and  the  art  of 
healing*. 

The  fame  obfervations  apply  to  the  XXYTth 
article,  which  comprehends  the  chemical  hif- 
tory  of  human  urinary  calculi.  The  number 
and  importance  of  the  new  fa<5t  swhich  their  ana- 
lyfis  has  prefented  to  Citizen  Vauquelin  and  my- 
felf,  have  induced  me  to  divide  this  article  into 
eight  paragraphs.  I there  confider  fucceffively. 
Iff,  what  has  been  done  already  concerning 
thefe  concretions  ; 2d,  their  fituation  and  phy- 
fical  properties  ; 3d,  their  different  conftituent 
materials  ; 4th,  their  clalfification  according  to 
their  nature  ; 5th,  the  caufes  of  their  formation  ; 
6th,  their  folvents  or  the  lithontriptics  ; 7th,  the 
urinary  calculi  of  animals  ; 8th,  the  arthritic 
concretions  of  man,  the  relations  of  which  with 
the  urinary  calculi  have  for  fo  long  a time  en- 
gaged phyficians.  This  article,  one  of  the  moft 
original  in  the  book,  is  particularly  adapted  to 
fhew  the  great  influence  which  chemical  ana- 
lyfis  ought  to  have  on  the  problems  of  the  ani- 
mal economy. 

* The  XXVIIth  article  treats  of  the  liquor  of 
the  proftata,  which  has  not  yet  been  analy fed, 
and  p.f  the  fpermatic  liquor,  concerning  which 
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Citizen  Vauquelin  has  publifhed  a very  inte- 
refting  work,  though  its  refults  do  not  yet  give 
any  light  that  can  enable  us  to  conceive  the 
myftery  of  generation. 

The  XXVIII,  XXIX,  XXX,  XXXI, 
XXXII,  XXXIII,  and  XXXIVth  articles, 
which  terminate  the  third  order  of  this  fection, 
are  employed  on  the  explanation  of  fome  pecu- 
liar animal  matters,  which  medicine  and  the 
arts  extract  from  mammiferous  animals,  birds, 
reptiles,  fiflies,  mollufca,  infects,  worms  and 
zoophytes.  From  ivory  to  the  fponge,  forty 
animal  fubitances,  derived  from  different  claffes 
of  animals,  are  prefented  in  this  article,  treated 
rapidly,  and  compared  with  thofe  which  are 
analogous  to  them  in  the  body  of  man. 

The  fourth  and  laft  order  of  fadfs  of  the 
eighth  fedlion  has  for  its  objedt  one  of  the  molt 
valuable  applications  of  chemiftry — that  which, 
refulting  from  all  the  preceding  details,  is  cal- 
culated to  enlighten  animal  phyfics.  Under  the 
title  of  the  chemical  phenomena  which  living 
animals  prefent,  I have  not  intended  to  treat 
of  the  whole  of  phyfiology  ; I have  only  been 
defirous  of  fhowing  what  light  chemiftry  can 
afford  for  the  knowledge  of  the  animal  func- 
tions, to  prove  the  indifpen fable  neceffity  of  its 
affiflance  in  thefe  refearches,  and  I have  treat- 
ed in  twelve  articles  the  generalities  of  its  ap- 
plications. 

In  the  firft,  I explain  the  exiftence  of  the 
chemical  phenomena  in  the  life  of  animals. 
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In  the  fécond,  I defcribe  the  phenomena  of 
this  kind  which  take  place  in  refpiration,  that 
of  the  functions  in  which  they  have  been  evi- 
dently obferved  and  better  defcribed  in  confe- 
quence  of  the  modern  difcoveries. 

In  the  third,  I treat  of  thofe  which  take  place 
in  circulation  ; the  nature  and  changes  of  the 
blood  in  the  different  regions,  particularly  in 
the  arterial  and  veinous  fyftems,  more  efpecially 
engage  the  prefent  article. 

In  the  fourth,  I confider  the  chemiftry  of 
digeftion,  and  ffiow  that  this  fcience  alone 
can  exactly  and  completely  explain  its  true 
mechanifm. 

The  fifth  article  treats  of  fecretion  and  tran- 
fpiration.  The  hiftory  of  this  laft  prefents, 

when  chemically  confidered,  refults  which  are 

*/  ' 

very  new  and  very  different  from  what  has  hi- 
therto been  ffated  refpcdting  it. 

The  fixth  article  lliows  the  chemical  pheno- 
mena of  nutrition,  which  in  effedt  confifts  in  an 
appropriation  and  concretion  of  the  liquids 
conveyed  in  each  organ. 

The  feventh  ffiows  that  the  exercife  of  the 
mufcular  irritability  may  very  w^ell  depend  on 
a chemical  power,  and  begins  to  diffipate  at 
leaft  the  hitherto  impenetrable  oblcurity  of  that 
function  which  is  ftill  fo  little  known. 

The  eighth,  in  treating  of  fenfibility  and  of 
the  principal  function  of  the  nerves  and  of  the 
brain,  proves  that  many  data  are  ftill  wanting 
to  enable  us  to  conceive  its  mechanifm. 
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The  fame  conclufioh  is  found  in  the  IXth 
article,  relative  to  génération. 

~ This  however  is  not  the  cafe  with  offifi  cat  ion, 


the  fubject  of  the  tenth  article.  The  -analyfis 
of  bone,  fo  well  made  at  prefent,  throws  a very 
ftrong  light  on  this  function  as  well  as  on  the 
difeafes  of  the  organs  which  execute  it.  I have 
been  particularly  careful  of  this  article,  on  ac- 
count of  the  intereft  which  it  excites  and  the 
new  profpects  to  which  it  has  given  birth. 

In  the  eleventh  article,  I have  tketched  the 
difference  which  the  diverfity  of  the  ftruéture  of 
animals  produces  in  the  chemical  phenomena. 
It  has  feemed  ufeful  to  me  to  tliow  that  the 
organs,  differently  confrituted  in  the  different 
claffes  of  animals,  muff  caufe  modifications  in 
the  chemical  phenomena  which  accompany  their 
life,  and  depend  upon  or  fupport  it. 

Laltly,  the  object  of  the  twelfth  and  laft  arti- 
cle has  for  its  aim  to  prove  that  there  cxifts, 
in  difeafes,  chemical-phenomena,  the  ftudy  of 
which  may  enlighten  our  knowledge  of  the  na- 
ture, the  caufes,  and  consequently  of  the  treat- 
ment of  thefe  affections. 

This  article,  the  8th  and  laft  feétion  of  the 
work,  ferves  to  announce  how  greatly  Animal 
Chemiitry,  to  which,  for  a number  of  years,  I 
have  paid  the  molt  profound  attention,  is  advanc- 
ed, and  how  much  this  prefent  treatife  goes  be- 
yond every  other  which  has  yet  been  publifiied. 
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SUCH  is  the  method  which  I have  followed 
in  the  work  now  prefented  to  the  world  ; and, 
on  -reading:  with  attention  the  eight  notices 
v/hich  precede  it,  and  reflecting  on  the  conrfe 
I have  followed,  it  will  be  found  that  my  in- 
tention has  been, 

1.  To  unite  a greater  number  of  chemical 
fads  together  than  has  yet  been  collected  in 
any  work  which  has  come  to  my  knowledge. 

2.  To  prefent  them  with  all  the  proofs  and 
all  the  developments  of  which  they  are  fuf* 
ceptible. 

3.  But  neverthelefs  to  prefent  them  ahnoft 
independent  of  the  connected  and  analytical 
hiftory  of  thofe  difcoveries  which  have  given 
them  to  philofophers  ; or  of  the  practical  and 
experimental  manipulation,  by  means  of  which 
they  may  be  reproduced,  or  the  applications 
which  may  be  made  of  them  to  fciences  and  the 
arts, 

4.  By  thefe  means,  to  detach  the  theoretic 
part  of  the  fcience  from  its  hiftory,  its  practice, 
and  its  applications  ; or,  at  leaft,  to  borrow 
nothing  from  either  of  thofe  parts  of  chemiftry 
confidered  in  its  totality,  except  what  may 
have  appeared  to  me  to  be  indifpenfably  ne~ 
ceffary,  either  for  properly  apprehending  this 
theory,  or  to  fhow  its  progress,  its  proceffes  and 
its  ufeful  objeCts. 

. 5.  To  difpofe  thofe  faCts,  or  chemical  truths, 
in  a new  order  not  that  of  the  naturalifts,  nor 
any  order  borrowed  from  the  other  fciences, 

arts, 
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arts,  or  even  collection  of  arts  ; however  copi- 
ous the  means  of  fuch  arts  may  be. 

6.  To  eftahlifh,  by  this  means,  a new  order 
naturally  chemical  ; — an  affemblage  of  which 
all  the  parts  fhall  be  intimately  connected  with 
each  other.  And,  for  this  reafon,  I have  en- 
titled my  treatife,  A System  of  Chemical 
Knowledge. 

7.  But  neverthele-fs,  to  fliow  the  fcience  in 
its  greateft  latitude,  in  all  its  fublimity,  mak- 
ing its  way,  as  it  were,  by  the  affi fiance  of  that 
genius  which  has  created  it,  and  which  aggran- 
dizes it  daily  beyond  moft  other  fciences,  and 
enlightening  them  by  its  luminous  confequen- 
ces  ; for  which  reafon  I have  added  to  the  title, 
A System  of  Chemical  Knowledge,  the 
words,  And  its  Application  to  the  Phe- 
nomena of  Nature  and  of  Art,  in  order 
to  ihow  that  this  fcience  confiders  equally  that 
which  pafles  in  the  great  laboratories  of  the  at- 
mofphere,  in  the  waters  and  in  fubterraneous  ca- 
vities : among  minerals,  among  vegetables  and 
among  animals  ; as  well  as  that  which  is  per- 
formed on  all  the  natural  productions  in  the 
workshops  of  the  arts. 

8.  And,  laftly,  to  fhow  how  far  the  human 
mind,  affifted  by  all  the  inftruments  and  all  the 
machines  which  the  art  of  experimenting  has 
created  for  more  than  a century  paft,  has  ad- 
vanced in  the  determination  of  effeCls  and  the 
changes  which  all  bodies  undergo  from  the  na- 
tural 
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tarai  effort  which  impels  their  particles  towards 
each  other. 

9.  To  accomplifh  this  plan  to  the  utmoit 
extent  which  my  means,  my  faculties,  and  my 
zeal  for  the  progrefs  of  chemical  fcience  have 
allowed,  the  reader  will  be  miftaken  if  he  fhould 
apprehend  that  I have  limited  myfelf  to  colled 
the  materials  contained  in  fuch  works  as  have 
preceded  this.  I have  certainly  negledted  none 
of  the  abundant  fources  which  the  writers  of 
chemiftry  have  laid  open  ; more  efpecially  du- 
ring the  courfe  of  the  18th  century.  I have 
not  omitted  to  confult  the  authors  of  preceding 
times,  though  I have  found  in  them  much  lefs 
of  accurate  refult  than  in  the  works  of  my  con- 
temporaries.  Thefe  laft,  and  more  efpecially 
my  own  countrymen,  who  have  done  fo  much 
during  the  laft  fifty  years  for  the  advancement 
of  chemiftry,  have  more  particularly  fupplied 
me  with  a great  number  of  truths  ; and  without 
their  efforts  it  would  have  been  impoflible  for 
me  to  have  formed  even  an  idea  of  my  fyfteim 
But  thistreatife  does  not  refembie  a great  num- 
ber of  thofe  which  are  confined  to  the  ftudy  or 
demon  fixation  of  the  elements  of  fcience.  It 
mult  not  be  confounded  with  mere  compila- 
tions; however  great  the  merit  and  the  talent 
required  in  their  authors  for  this  kind  of  work, 
when  they  render  the  materials  their  own  by 
the  connection  of  ideas  with  method  and  the 
mutual  elucidation  of  fads.  I muff  even  fay, 
that,  in  many  relpects,  the  greater  number  of  the 
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chemical  truths  exhibited  in  this  fyftem  are  my 
own  ; either  on  account  of  the  difcovery  of  the 
facts  they  exhibit,  the  manner  in  which  I have 
reviewed  or  confidered  them,  or  the  new  refaits 
which  I have  obferved  in  mo  ft  of  thofe  which 
had  been  before  difcovered.  That  indifference 
which  fome  men  of  metit  are  too  much  difpofed 
to  fhow  for  elementary  or  fyftematic  works,  the 
haft  y and  often  too  fevere  judgment  which  they 
deliver  on  thofe  productions  by  confidering  them 
as  collections  of  faCts  already  known  ; — the 
method,  which  fome  men  ftill  more  unjuft  have 
adopted,  of  borrowing*  from  treatiies  more  or 
iefs  complete,  paffages  which  they  afterwards 
offer  as  original  ; and  ftill  mote,  the  liberty 
which  fo  many  pupils  take,  either  by  uncon* 
fcious  recollection  or  decided  illiberality,  to 
appropriate  to  themfelves  thofe  faCts  which  are 
presented  in  public  or  private  leCtures,  without 
quoting  the  fource  to  which  they  are  indebted, 
oblige  me  to  declare  in  this  place,  that  my  fyf- 
tem  includes  a ferles  of  difcoveries  and  obferva- 
tions  which  are  my  own,  whether  they  be  ex- 
tracted from  memoirs  which  have  been  already 
publiftied,  or  whether  inferted  for  the  firft  time 
in  this  work.  The  uninterrupted  labour  of 
twenty-five  years,  a great  number  of  connected 
refearches  upon  the  alkalis,  faits,  mineral  wa- 
ters, metallic  lolutions,  vegetable  matters,  and 
more  efpecially  animal  fubftances,  and  the  per* 
petual  opportunities  which  have  offered  of  re- 
peating former  experiments,  and  modifying 

them 
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them  in  many  different  ways,  have  led  me  to  a 
great  number  of  difcoveries,  and  the  learned 
world  has  already  been  enabled  to  judge  of  the 
new  maimer  in  which  thofe  labours  have  ah 
lowed  me  to  modify  the  Elements  of  Chemiftry, 
of  which  the  laft  edition  was  publifhed  eight 
years  ago. 

It  is  not  therefore  alone  by  the  courfe  or 
method,  though  indeed,  entirely  different  from 
thofe  which  have  hitherto  been  adopted  in 
works  of  chemiftry,  that  my  fyftem  of  chemi- 
cal knowledge  ought  to  be  characterized.  Nei- 
ther ought  it  to  be  conftdered  merely  as  a more 
extended  and  complete  collection  of  chemical 
facts.  The  attention  of  the  reader  11111ft  alfo  be 
directed  to  a number  of  new  truths,  of  fads  hi- 
therto unknown,  and  difcoveries  which  belong 
to  myfelf.  In  order  to  fecure  this  property  in 
the  region  of  chemical  fads,  I might  give  an 
extended  lift  of  all  the  memoirs  which  I have 
not  ceafed  to  pu  Midi  during  twenty  years,*  in 
the  volumes  of  the  Academy  of  Sciences,  the 
Society  of  Medicine,  the  Annals  of  Chemiftry, 
La  Medicine  Eclairée , and  various  other  na- 
tional or  foreign  collections.  But  this  exhibi- 
tion is  not  neceffary  for  thofe  who  are  attached 
to  the  fciences,  and  look  everywhere  for  new 
productions.  I have  alfo  announced,  at  leaft, 
in  part  in  the  preceding  notices,  what  apper- 
.tains  to  myfelf  in  each  article.  It  will  be  fuf- 
ficient,  in  order  to  afford  a better  judgment  on 
the  nature  of  the  prefent  work  and  to  remove 
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or  weaken  the  notion  of  mere  compilation 
which  many  readers  adSpt  on  the  fimple  title  of 
a fyftematical  treat  ife,  to  remark,  that  the  pre- 
fent  contains  a great  number  of  things  which 
are  peculiarly  my  own,  and  which  have  never 
yet  been  mentioned  in  any  work. 

Twenty-five  years  of  ftudy,  and  of  continued 
labour  without  interruption,  have  enabled  me  to 
collect  the  materials  of  this  fyftem  of  chemical 
knowledge.  I have  been  employed  in  drawing 
it  up  fince  the  year  1793;  part  was  written 
during  the  times  of  public  misfortune  and  pro- 
fcription,  of  which  it  ferved  to  foften  the  hard- 
fhips.  While  my  country,  a prey  to  Vandalifm 
and  tyranny,  beheld  its  citizens  oppreffed  be- 
neath the  yoke  of  a defpotifm,  the  more  horrible 
as  it  affected  the  forms  and  the  infignia  of  li- 
berty '—-when  every  heart  clofed  to  focial  en- 
joyment, and  almoft  to  the  hope  of  better  prof- 
pects,  refufed  even  this  laft  comfort  of  the  unhap- 
py, I was  almoft  infenftble  of  the  weight  of  public 
diftrefs  in  the  charms  of  ftudy  and  of  folitary 
exertion.  A ftranger  to  the  parties,  to  the  fac- 
tions, which  dèfolated  the  riling  republic,  and 
fo  often  placed  it  in  danger  of  perifhing  ; in  the 
midft  of  tumult  and  civil  difeord  ; occupying, 
contrary  to  my  inclination,  a place  in  which  a 
man  of  principles  could  only  lament  the  infuffi- 
ciency  of  his  means,  and  in  which  talents,  vir- 
tue, courage,  ufelefs  to  the  public  welfare,  had 
no  other  relource  to  efcape  the  effect  of  the 
moft  atrocious  pallions  than  to  conceal  tliem- 

felves< 


PRELIMINARY  DISCOURSE.  Î95 

felvres.  Alone,  and  infulated  in  the  midft  of 
the  agitated  and  noify  crowd,  with  which  I was 
furrounded,  I comforted  inylelf  in  fome  mea- 
fure,  and  weakened  the  ftrong  fen  tinrent  of 
public,  mifery  by  fixing  my  attention  on  the 
produétion  of  the  prefent  fyftem. 

The  lefs  unhappy  times  which  fucceeded  the 
fortunate  epoch  of  the  10th  Thermidor,  in  the 
year  2,  allowed  me  to  work  with  greater  ardour 
and  affiduity  upon  this  treatife.  I finifired  it 
in  the  laft  two  years  of  liberty,  which  my  quit- 
ting the  legiflative  body  allowed  me. 

At  length,  the  18th  Brumaire  firone  forth 
upon  France.  The  impreffion  of  this  work, 
which  was  already  begun,  but  had  been  inter- 
rupted for  fome  months  on  account  of  difficult 
circumftances,  then  relumed  a new  activity. 
This  great  undertaking,  namely,  the  publica- 
tion of  ten  volumes  in  odtavo  and  five  in  quarto, 
of  which  few  perfons  know  how  to  efiimate  the 
difficulties,  was  terminated  with  courage  and 
conduct  as  well  as  with  fagacity,  by  the  printer 
who  undertook  it.  A witnefs  to  the  exertions 
he  was  obliged  to  make,  as  well  as  thofe  which 
he  does  not  ceafe  to  make  for  the  memoirs  of 
the  Inftitute,  I muft  do  Citizen  Bauduoin,  who 
has  connected  his  profpects  with  the  fate  of  my 
work,  thejufticeto  obferve,  that  he  has  not 
been  difcouraged  by  any  of  the  difficult  cir- 
.cumftances  which  have  impeded  him  more  than 
once  ; but  that  fuperior  to  obftacles  of  more 
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than  one  kind,  he  has  furmounted  them  by  his 
activity  and  his  knowledge  in  typography. 

My  fyftem  appears  at  a period  which  fliall  be 
renowned  in  the  annals  of  the  world.  The 

4 j*  \ . 

laft  days  of  the  eighteenth  century  are  come. 
The  fpirits  of  men,  awakened  by  luminous 
works  which  have  illuftrated  every  branch  of 
human  knowledge  and  more  particularly  natu- 
ral fcience,  are  now  directed  to  new  and  more 
elevated  conceptions.  A new  order  of  things  is 
prepared  for  the  nineteeth  century  which  has 
now  advanced.  The  nations  more  advanced 
in  civilization,  appear  difpofed  to  great  changes 
which  mult  ameliorate  thejr  fate.  The  terrible 
experiment  which  France  has  made  during  ten 
years  of  revolution  : the  dreadful  events  of 
which  that  land  has  been  the  theatre  ; the  er- 
rors die  has  committed  and  which  have  tom 
her  vitalSj— will  ferve  as  an  example  and  leffon 
for  the  reft  of  Europe.  In  ft  meted  by  the  fa- 
orifices  which  the  conqueft  of  her  liberty  has 
coft  her,  other  nations  will  rep  refs  the  dreadful 
pallions  of  which  France  has  been  the  victim* 
They  will  not  fuffer  themfelves  to  he  deftroyed 
by  factions.  They  will  avoid  thofe  outrages 
which  have  fo  often  brought  us  to  the  brink  of 
defiruétion.  They  will  apply  to  the  acquifitions 
of  knowledge,  the/  influence  of  philofophy  and 
the  clear  light  of  reafon  ; and  they  will  apply 
thofe  energies  alone  to  the  perfection  of  civil 
fociety  and  the  advancement  of  human  intel- 
ligence. 


The 


PRELIMINARY  DISCOURSE, 


197 


The  hero  whom  France  has  çhofen  for  the 
chief  of  her  government,  fhali  eftablilh  her  rcL 
pofe  and  dignity,  by  the  power  of  Ills  genius. 
His  labours  for  her  profperity  ; the  liberal  prin- 
ciples which  direél  his  plans,  will  convey  to  the 
whole  world,  by  the  glory  of  his  name  and  the 
wifdom  of  his  adminiftration,  that  image  of 
happinefs  to  which  nations  may  arrive  when 
their  governors  poffefs  elevation  of  mind,  the 
power  of  knowledge,  the  energy  of  courage, 
purity  of  manners,  and  the  love  of  every  thing 
which  is  elevated  and  admirable. 

Peace  will  fpeeclily  clofe  the  wounds  which 
a cruel  war  has  made  on  humanity.  Soon  will 
the  confolation  of  the  arts  repair  the  evils  and 
obliterate  the  calamities  which  have  oppreffed 
Europe  for  ten  years.  The  fciences,  after  re- 
fifting  all  the  di falters  of  war  under  which  they 
have  langui  (lied,  will  refume  new  activity,  Che- 
miftry,  which  at  prefent  compofes  fo  extenfive 
a part  of  thefe  fciences,  will  continue  to  be 
cultivated  with  increafmg  ardour.  France  the 
land  in  which  her  growth  has  been  fo  rapid  ; — - 
which  has  for  the  laft  twenty-five  years  been 
more  particularly  her  refidence — France  which 
to  every  other  defcription  of  fame,  adds,  that 
of  having  renewed  and  reformed  this  fcience 
fo  ufefui  to  man,  will  be  careful  to  preferve 
the  fuperiority  lhe  has  affumed  in  its  cultiva- 
. tion.  Chemiltry  which  has  now  become  an 
effential  part  of  the  objedls  taught  in  all  the 
ichools,  will  gradually  extend  itfelf  through 
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all  the  claffes  of  fociety,  and  while  advances  of 
this  fcience  towards  perfection,  by  the  difco- 
Veries  of  learned  men,  fhall  proceed  with  un» 
abated  rapidity,  it  will  give  additional  light  to 
all  the  manufactures  and  works  of  which  the 
profperity  is  fo  intimately  connected  with  its 
progrefs. 


A 


SYSTEM 

OF 

CHEMICAL  KNOWLEDGE. 


SECTION  FIRST. 

The  fir  ft  Principles  of  Chemical  Science , 
Generalities , and  Introduction . 


Article  I. 

Definition  of  Chtm'fry  ; its  various  Denominations ; 
its  Relations  and  Differences  with  Regard  to  the  other 
Sciences. 

y 

i.  Th  E true  etymology  and  origin  of  the 
word  Chemiftry  is  abfolutely  unknown.  Roth 
are  enveloped  in  myftery,  and  loft  in  the  dark-r 
nefs  of  ages  path  Some  hiftorians  of  this  fci- 
ence  fuppofe  its  name  to  be  derived  from  the 
word  Kema , the  pretended  book  of  fecrets,  en- 
trufted  to  women  by  the  demons  ; others  derive 
it  from  Cham,  the  fon  of  Noah;  from  whom 
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Egypt  received  the  name  Chémia,  or  Chamia  ; 
feme  attribute  it  to  Chemnis,  king  of  the 
Egyptians  ; and  others  deduce  it  from  the  word 
(humor)  which  fignifies  juice,  becaufe 
they  fuppofe  it  to  have  commenced  with  the  art 
of  preparing  juices,  or  from  the  other  Greek 
word  yjji y,  (fundo)  I melt  ; becaufe,  ac- 

cording to  them,  it  is  the  daughter  of  the  art 
of  fmelting  the  metals» 

2.  Chemiftry  has  alfo  been  denominated  the 
Hermetic  art  or  fcience,  becaufe  its  origin  is 
attributed  to  the  wife  Egyptian  Hermes  : or 
alchemy , when  it  is  made  to  confift  in  the 
fearch  after  the  art  of  producing  gold  ; for  the 
fame  reafon  it  is  likewife  called  chryfopeia , and 
argyropeia  ; pyroiechny , becaufe  much  ufe  is 
made  of  fire,  the  effect  of  which  it  fhows  how 
to  direct;  the  fpagyric  art,  derived  from  two 
Greek  words,  one  of  which  fignifies  to  feparate, 
and  the  other  to  unite  again,  becaufe,  in  fa6t, 
it  feparates  and  re-unites  the  elements  of  bo- 
dies. 

3.  Authors  have  been  almoft  as  much  at  va- 
riance with  refpeét  to  the  definition  as  to  the 
origin  and  etymology  of  chemiftry.  Some 
have  confined  it  only  to  the  art  of  examining, 
extracting  and  purifying  bodies,  particularly 
metals  ; others  have  only  confidered  if  as  that 
of  preparing  remedies.  It  is  only  fmee  the 
middle  of  the  eighteenth  century  that  Chemif- 
try has  been  confidered  as  the  fcience  which 
afcertains  the  principles  of  which  bodies  are 
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competed,  and  their  different  nature.  But 
even  this  laft  definition  is  not  accurate,  becaufe 
it  neither  comprifes  all  the  produdfions  of  na- 
ture, the  principles  of  fome  of  which  are  un- 
known, nor  all  the  means  of  the  fcience,  which 
are  not  confined  merely  to  the  reparation  of 
the  conftituent  parts  of  bodies. 

4.  The  true  definition  which  ought  to  he 
given,  in  the  prefent  ftate  of  the  fcience,  is 
much  more  general.  The  following  is  what 
I have  adopted  for  the  laft  twenty  years. 
Chemiftry  is  a fcience 
quainted  with  the  intimate  and  reciprocal  ac- 
tion of  all  the  bodies  in  nature,  upon  each 
other.  By  the  words  ultimate  and  reciprocal 
aStion , the  fcience  is  diftinguifhed  from  expe- 
rimental phiiofophy,  which  only  confiders  the 
exterior  properties  of  bodies,  poffelfing  a bulk 
or  mafs  capable  of  being  meafured,  whereas 
chemiftry  relates  only  to  the  interior  proper* 
ties,  and  its  adtion  is  confined  to  particles 
whofe  bulk  and  mafs  cannot  be  fnbjedted  to  ad- 
meafurement  and  calculation. 

5.  Chemiftry  is  a fcience  di  ft  in  61  and  fepa- 
rate  from  all  others  ; it  can  no  longer  he  con- 
founded with  alchemy,  which,  even  if  fuccefs- 
ful,  would  be  only  one  of  its  experiments  ; nor 
with  metallurgy,  which  is  but  a chemical  art; 
nor  with  pharmacy,  which  is  only  one  of  its 
branches  ; nor  with  natural  phiiofophy,  which 
ought  to  precede  its  inquiries,  without  the  be- 
ing able  to  diredt  its  caufe  ; nor  with,  medicine, 
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which  derives  from  it  much  information,  but 
merely  with  a view  to  apply  it  to  animal  phy- 
fics,  and  the  action  of  all  bodies  upon  that  of 
man  and  animals  ; nor,  in  fhort,  can  it  be  con- 
founded with  any  art,  however  ingenious  and 
extenfive  in  its  means  and  refults.  The  fcience 
of  chemiftry  may,  and  actually  does,  enlighten 
all  the  natural  fciences,  arid  ail  the  procédés  of 
manufacture,  purification,  and  extraction,  prac- 
tifed  in  the  arts,  by  which  the  intimate  proper- 
ties  of  natural  fubftances  are  modified. 

6.  Its  manifelt  aim,  in  inveftigating  the 
intimate  mode  of  action  exercifed  by  the  par- 
ticles of  different  bodies  upon  each  other,  is  to 
determine  the  refult  of  that  action,  the  changes 
-which  it  produces  in  the  properties  of  bodies, 
the  quantity,  the  proportion,  the  order  of  com- 
bination of  the  different  elements  which  con- 
ftitute  the  natural  compounds,  the  manner  of 
acquiring  a perfect  knowledge  of  their  compo- 
fition,  the  different  degrees  of  force  with  which 
the  various  bodies  tend  to  combine,  or  have 
been  united  by  nature,  and  on  acquiring  thefe 
firft  refults  to  enable  the  philofopher  to  feize 
the  true  diftinctive  characters  of  the  productions 
of  nature,  the  manner  in  which  they  are  form- 
ed, deftroyed,  and  changed  in  the  phenomena 
of  our  globe,  as  well  as  the  numerous  refources 
which  they  afford  to  fatisfy  the  wants  of  man  ; 
from  thofe  which  are  indifpenfable  to  the  fup- 
port  of  his  exiftence,  to  thofe  others  invented 
by  the  efforts  of  genius,  to  the  advancement 
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of  human  reafon,  and  the  enjoyments  of  civi- 
lized life* 


Article  II. 

Divifions  and  Branches  of  Chemiftry. 

1.  SINCE  chemiftry  has  become  applicable 
to  moft  of  the  arts  and  fciences,  and  capa- 
ble of  extending  their  limits,  fmce  its  fphere 
has  been  enlarged,  and  its  dominion  aggran- 
dized by  the  modern  difcoveries,  the  neceffity 
has  been  felt  of  particularly  confidering  its  diffe- 
rent branches,  and  of  dividing  them  into  feveral 
departments,  which,  without  forming  feparate  or 
infulated  fciences,  have  the  advantage  of  pre- 
feu  ting  a variety  of  applications,  and  of  ex- 
hibiting its  whole  utility  at  the  fame  time. 

2.  It  is  now  no  longer  a queftion  whether 
this  fcience  fhould  be  divided  only  into  theo- 
retical and  practical  chemiftry  ; a diftinction 
which  formerly  was  the  only  one  admitted, 
which  > as  even  the  natural  divifion  of  the 
moft  eftimable  works  on  chemiftry,  particu- 
larly thofe  of  Boerhaave,  Senac,  and  Man- 
quer. Such  a divifion  is  more  detrimental 
than  ufeful  to  the  progrefs  of  fcience;  as  it 
tends  to  feparate  parts  which  ought  to  remain 
infeparable.  Theory,  without  practice  would 
proceed,  as  it  were,  blindfold,  while  pradtice 
without  conducing  to  theory,  would  be  only  a 
vain  manœuvre,  without  any  effectual  objedt. 

3.  In 
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3.  In  the  prefent  advanced  hate  of  the  fci- 
eilce  I diftinguifti  eight  principal  branches  of 
chemiftry,  which,  by  comprifing  the  whole  fub- 
jeCt,  afford  at  once  the  ex  ad  outline  and  the 
whole  of  its  details.  Thefe  eight  branches  are 
philofophical  chemiftry,  meteorological  che- 
miftry, mineral  chemiftry,  vegetable  chemiftry, 
animal  chemiftry,  pharmacological  chemiftry, 
manufacturing  chemiftry,  and  economical  che- 
miftry. By  defining  each  of  thefe  branches,  it 
will  be  feen  that  though  they  are  connected  by 
an  indiffoluble  chain,  it  is  neverthelefs  neeef- 
fary,  in  order  to  carry  each  to  perfection,  that 
they  ftiould  be  cultivated  apart. 

4.  Philofophical  Chemiftry  precedes  and  go- 
verns all  the  other  branches.  By  means  of  the 
moft  general  facts,  it  eftablifhes  the  principles 
and  lays  the  foundation  for  the  whole  doctrine 
of  the  fcience.  It  is  not  applicable  to  any 
particular  object,  but  it  illuminates  them  all  : 
it  treats  of  the  laws  of  attraction  between  all 
fubftances,  the  phenomena  of  their  combina- 
tions or  their  decompofitions,  the  properties  of 
the  principal  bodies  or  thofe  moft  generally 
difperfed  through  nature,  the  operations  which 
are  performed  for  difeovering  the  mutual  aClion 
of  all  bodies,  and  the  general  means  of  analyf- 
ing  or  combining  them  : it  explains  the  moft 
important  motions  in  nature  ; and  derives  from 
all  the  other  branches  thofe  faCts  by  which  it  is 
conftituted.  With  refpeCt  to  the  other  feven 
branches,  it  forms  the  primitive  trunk  by  which 
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the  whole  is  fupported  ; in  fhorf,  it  has  the 
fame  relation  to  the  other  branches,  as  fimple 
mathematics  bear  to  their  applications. 

5.  Meteorological  chemiftry  relates  particu- 
larly to  all  the  phenomena  which  take  place  in 
the  air,  and  are  known  under  the  name  of  me- 
teors. No  author  has  hitherto  fpoken  of  this 
fpecies  of  chemiftry,  and  it  has  been  formed 
only  a few  years.  Phyfical  obfervation  alone  is 
not  fufficient  to  afcertain  the  nature,  or  even 
the  phenomena,  the  fucceffion,  and  particularly 
the  caufe  of  meteors.  Why  the  imrnenfe  vo- 
lumes of  meteorological  obfervations  which 
overload  our  libraries,  fhould  contain  no  in- 
formation of  importance  to  mankind  relative  to 
the  grand  effects  produced  in  the  atmofphere, 
can  no  otherwife  be  explained  but  by  admitting 
that  the  true  path  for  refolving  thefe  moft  ele- 
vated problems  has  not  hitherto  been  followed. 
Meteors  are  truly  chemical  effects  : inflammable, 
luminous,  aerial,  aqueous,  or  whatever  character 
they  may  poffefs,  under  whatever  form  they 
may  appear,  whatever  may  be  the  matter  they 
affeét,  tranfport,  or  change,  they  are  evidently 
to  be  attributed  to  imrnenfe  chemical  opera- 
tions; and  chemiftry  alone  is  capable  of  un- 
veiling their  caufe  and  penetrating  their  myfte- 
ries.  The  fummits  of  high  mountains  and 
aeroftatic  machines  will  fooner  or  later  be  the 
laboratories  where  new  experiments  and  new  in- 
ftruments  will  be  introduced  to  inveftigate  the 
nature  of  thefe  terrible  atmofpheric  revolutions, 

of 


8 


DIVISIONS  AND  BRANCHES 


of  which  man,  after  having  long  dreaded  their 
effeéts,  is  now  called  upon  to  inveftigate  the 
caufes,  in  order  to  prevent  or  obviate  their  de~ 
ftruCtive  influence. 

6.  The  object  of  Mineral  Chemijîry  is  to 
analize  and  examine  all  kinds  of  fofflis,  waters, 
earths,  ftones,  metals,  bitumens,  &e.  ; it  is  the 
art  of  feparating,  combining,  and  purifying 
them,  of  ascertaining  their  decided  characters, 
their  primitive  form,  their  various  hates,  and 
their  different  and  fucceffive  alterations.  It  is 
this  branch  which  directs  the  inquiries  and 
claffifi cations  of  mineralogifts  ; without  this 
there  could  be  no  mineralogy  ; and  it  may  at 
feme  future  period  be  capable  of  explaining  the 
revolutions  of  the  globe,  and  laying  a real  foun- 
dation for  the  infant  fcience  of  geology.  It 
explains  the  formation  of  ftones,  minerals,  de- 
pohtions,  incruftations,  ffalaCtites,  the  aCtion  of 
fuperficial  or  fubterraneous  waters,  of  volcanic 
eruptions,  of  earthquakes,  ciepreflions  of  the 
earth,  &c.  This  is  one  of  the  moft  cultivated 
and  advanced  branches  of  chemical  fcience. 

7.  Vegetable  Chemijîry  treats  of  the  analyfis 
of  plants  and  their  products.  A fliort  time 
ago,  it  confided  only  of  a feries  of  the  proeeffes 
of  thofe  arts  which  extract,  purify,  and  appro- 
priate to  our  wants,  the  different  materials  of 
vegetables,  or  prepare  them  in  different  ways 
for  the  relief  of  our  infirmities.  At  prefent  its 
objedt  is  more  extenfive,  its  fubjeCt  more  en- 
larged, and  its  views  in  fome  degree  more  ele- 
vated, 


OF  CH  EM  1ST  RŸ.  9 

vatecl.  It  poffeffes  new  methods  of  decompof- 
in  g the  products  of  plants,  and  of  afcertaining 
the  order  of  their  coinpofitions  : it  begins  by 
explaining  their  intimate  nature,  their  forma-» 
tion  and  connection  ; it  effects  changes  in  them 
iimilar  to  thofe  produced  by  vegetation  ; and  it 
will  ultimately  fucceed  in  explaining  the  laws 
of  vegetable  economy,  the  moft  folid  and  the 
only  bafes  of  which  it  has  already  eftablifhed. 
It  exhibits  the  manner  in  which  mineral  fub- 
fiances  unite  in  triple  compounds  to  form  vege- 
table fubftances,  the  influence  of  different  foils, 
that  of  the  mixture  of  earths,  of  compofts,  and 
of  irrigation  upon  vegetation.  Its  early  fuc- 
cefs  announces  that  it  will  at  fome  future  pe- 
riod conftitute  the  foundation  of  agriculture, 
as  it  has  long  been  the  guide  of  the  apothecary, 
and  of  all  the  arts  which  have  for  their  ob- 
ject the  treatment  of  vegetable  fubftances. 

8.  Animal  Chemiftry  is  at  prefent  in  the 
fame  promifing  fituation  as  vegetable  chemiftry. 
Like  the  latter,  it  is  not  confined  to  the  analyfis 
of  the  materials  of  animal  bodies,  and  the  ad- 
vancement of  the  arts  which  prepare  thofe  ma- 
terials for  our  wants.  Its  defrination  is  more 
elevated,  and  its  views  much  more  extenfive. 
Provided  with  exact  inftruments,  and  ingenious 
methods  for  determining  the  real  difference 
which  exifts  between  vegetable  and  animal  fub- 
ftances ; it  lhows  the  circumftances  that  take 
place  in  the  former,  when  they  pafs  to  the  ftate 
of  the  latter  in  the  organs  of  animals  ; it  ex- 
plains 
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plains  the  effects  of  digeftion,  refpiration,  tram- 
piration,  and  feveral  other  functions  of  the  ani- 
mal economy  ; it  opens  a new  field  for  the  phi- 
lofophy  of  organized  and  fenfible  bodies  ; its 
object  is  alfo  to  affift  anatomy,  in  eftablifhing 
bales  of  phyfiology  on  more  certain  informa- 
tion. It  is  already,  we  have  reafon  to  think,  on 
the  point  of  explaining  the  phenomena  of  vi- 
tality and  irritability.  By  this  branch  of  fci- 
ence  alone,  we  fhàll  be  able  to  determine  the 
morbific  alterations  in  the  animal  fluids  and 
folids,  and,  by  this  means,  to  lay  a real  founda- 
tion to  pathology.  This  department  of  che- 
miftry will  alone  be  capable  of  explaining  the 
effedts  of  a great  number  of  remedies  : hence, 
having  become  medicinal  in  the  fcience  of  the 
human  frame  in  a ftate  of  difeafe,  it  mu  ft  be 
divided  into  three  fecondary  branches,  viz. 
phyfiological  chemiftry,  pathological  chemiftry, 
and  therapeutical  chemiftry. 

ft.  Pharmacological  Chemiftry , which  corn- 
prifes  all  that  relates  to  the  knowledge,  the  pre- 
paration, and  the  adminiftration  of  medicines, 
is  one  of  thofe  branches  that  has  moft  contri- 
buted to  the  eftabliihment  of  philofopbical  che- 
miftry,  on  account  of  the  great  number  of 
experiments  and  trials  it  has  given  occafion  to 
be  made  on  all  the  natural  bodies.  While  this 
branch  has  rifen  to  the  moft  fublime  concep- 
tions, and  the  moft  elevated  applications,  phar- 
macological chemiftry,  enlarged  even  by  the 
Tefults  of  the  former,  has  fo  multiplied  its 
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means  and  refources,  that  it  has  become  one  of 
the  moft  important  branches  of  the  fcience.  It 
treats  of  the  analyfis  of  fimple  medicines,  the 
preparation  of  chemical  remedies,  the  compofi- 
tion  of  galenicals,  and  magiftral  compounds, 
which  are  daily  varied  by  the  art  of  formulæ  ; 
the  prefervation  of  fimple  and  compound  me- 
dicines, as  well  as  the  detection  and  prevention 
of  adulterations. 

10.  I call  that  by  the  name  of  Manufactur- 
ing Chemijiry , which  is  applied  to  difcovering, 
rectifying,  extending,  completing,  or  fimplify- 
ing  the  chemical  proceffes  of  manufactures. 
To  obtain  fuccefs,  it  is  neceffary  to  join  a fpirit 
of  invention  to  the  moft  profound  knowledge 
of  philofophical  chemiftry*  In  France  it  has 
made  a very  rapid  progrefs  during  feveral 
years,  which  is  proved  by  the  numerous  efta- 
blifhments  for  bleaching,  for  the  manufacture  of 
printed  goods,  for  dyeing,  lope-making,  tan- 
ning, the  making  of  faits  and  mineral  acids, 
pottery,  glafs,  porcelain,  &c.  This  branch  of 
chemiftry  is  highly  cultivated  and  advanced  in 
England,  Germany,  and  Holland,  and  it  is  this 
branch  which  renders  the  moft  important  fer- 
vices  to  fociety, 

11.  I fhall  diftingnifli  the  laft  department 
by  the  name  of  Economical  Chemijiry , be- 
caufe  its  objeCt  is  to  elucidate,  to  fimplify 
and  regulate  a number  of  economical  proceffes 
which  are  inceffantly  performed  in  our  dwel- 
lings, in  order  to  render  them  healthy,  warm, 
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and  light,  and  to  prepare  our  food,  beverage* 
and  clothing.  It  ought  to  form  a part  of  every 
judicious  education,  becaufe  it  is  neceifary  for 
the  prefervation  of  health.  It  is,  in  fome  de- 
gree, a familiar  or  domeftic  kind  of  chemiftry. 
It  is-  alfo  very  ufeful  for  deftroyrng  the  preju- 
dices to  which  the  greateft  part  of  mankind  are 
fubje6t,  and  which  are  often  more  injurious  to 
their  welfare  than  the  real  evils  to  which  they 
are  expo  fed. 


Article  rn. 

* , r p 

lliftorical  Sketch  of  Chemiftry . 

1.  WHEN  the  ftudy  of  a fcience  is  attempt- 
ed, it  would  be  ridiculous  not  to  draw  at  leaft 
the  general  outlines  of  its  hiftory  : for,  by  ex- 
hibiting the  principal  changes  through  which 
it  has  paffed,  the  dates  of  the  difeoveries  are 
fixed,  errors  are  expofed,  and  the  means  of  avoid- 
ing them  are  obtained  ; the  repetition  of  trials 
already  fuccefs fully  made  is  prevented  ; what 
remains  to  be  done,  is  clearly  pointed  out,  and 
the  path  to  future  difeoveries  is  traced  with 
perfpicuity  and  advantage. 

2.  In  order  to  give  to  the  prefent  hiftorieal 
f ketch,  which  may  ferve  as  an  introduction 
to  the  ftudy  of  chemiftry,  the  real  utility  it 
ought  to  poflefs,  it  is  neceifary  to  divide  it 
into  feveral  principal  epochas,  which  may  ex- 
hibit ~ 


OF  CHEMISTRŸ. 


1 

hibit  in  the!  order  of  time,  thofe  great  revolu- 
tions which  have  at  different  periods  changed 
the  face  of  the  fcience. 

3.  I eftablifh  fix  principal  epochas  in  the 
hiftory  of  chemiftry  : The  firft  comprifes  the 
ancient  times  ; the  fécond  its  middle  age  ; the 
third  the  origin  of  philofophical  chemiftry,  as 
well  as  thé  difcoveries  made  after  the  eftablifh- 
ment  of  experimental  philofophy,  and  the  foun- 
dation of  learned  focieties  ; the  fourth  relates 
to  the  difcovery  of  the  gafes,  and  the  great 
revolution  which  fucceeded  ; the  fifth  to  the 
foundation  of  the  pneumatic  doCtrine  ; and  the 
ftxth  to  the  fyftematic  nomenclature,  and  the 
confolidation  of  that  doctrine.  There  is  this 
remarkable  difference  between  "the  epochas,  that 
the  time  which  has  paffed  is  very  unequally 
divided;  that  the  firft  three  occupy  feveral 
ages,  and  comprife  the  occurrences  from  the  pri- 
mitive nations  to  the  middle  of  the  eighteenth 
century, — while  tkc  three  latter,  compreffed  as 
it  were  together,  and  containing  an  immenfe 
courfe  of  labour,  and  an  aftonifhing  lift  of  dif- 
coveries, prefent,  in  the  fpace  of  forty  years, 
a greater  degree  of  perfection  and  progrefs  in 
human  reafon  than  is  afforded  by  all  the  pre- 
ceding and  accumulated  ages. 

4.  This  is  precifely  one  of  the  particular, 
and,  as  it  were,  diftinCtive  characters  of  che- 
miftry. It  has  not  proceeded  with  the  regula- 
rity and  connection  which  has  accompanied 
every  other  fpecies  of  human  knowledge.  It 
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has  not  experienced  that  flow  and  deter- 
minate progrefflon  which  has  been  obferved  in 
moil;  of  the  other  fciences.  Almoft  entirely 
unknown  to  the  ancients,  this  fcience  only  be- 
gan to  be  confidercd  as  fuch,  towards  the  mid» 
die  of  the  feventeenth  century,  and  all  the  facts 
which  had  been  collected  during  more,  than  an 
hundred  years,  form  almoft  an  imperceptible 
point  in  natural  philofophy,  when  compared 
with  the  immenfe  progrefs  that  has  been  made 
during  the  laft  thirty  years. 

5.  Its  hiftory,  treated  in  detail,  and  with  all 
the  attention  it  requires,  will  afford,  particu» 
laid  y to  pofterity,  a.  moft  aftonifliing  fpeétacle 
of  the  efforts  of  genius,  and  will  occupy  one 
of  the  moil;  diftinguiflied  places  in  the  annals 
of  human  intelligence.  The  ihetch  I am  about 
to  give  would  of  itfelf  he  fuflicient  to  eflablifli 
this  truth  in  the  moft  linking  manner.-  - ; 


First  Epocha. 

Thc  fifjt  Dawn  of  CheMiftry  in  remote  Ages. 

, 6.  THE  firft  epocha  of  chemiftry  muft,  ftill 
more  than  that  of  the  other  fciences,  be  urn- 
avoidably  involved  in  obfeurity  and  myftery. 
Ber  gmann,  who  is  the  heft  and  eleareft  writer 
on  this  part  of  chemical  hiftory,  in  his  differ- 
tat  ion,  entitled  “ De  primordiis  chimœ”  begins 
by  ill  o wing  to  what  the  flow  progrefs.  of  natural 

philofophy 
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philofophy  ought  to  be  attributed,  by  argu- 
ments founded  on  the  difficulties  of  obfervation 
and  experiments;  the  finall  number  of  men 
whofe  attention  is  devoted  to  this  fubjeél  ; the 
fear  city  of 

fuccefs  ; the  prejudices  to  be  overcome  ; the 
torpor  of  the  human  mind  to  be  roufed,  and  the 
deletions  of  imagination  to  be  repelled  ; and  he 
obferves  that  this  earlieft  part  of  the  hiftory  of 
chemiftry  is  truly  fabulous.  He  treats  in  this 
epocha  under  the  five  divilions  of  the  earlieft 
chemical  arts,  of  the  traces  of  chemifiry  in 
Egypt  and  among  the  Greeks  and  different 
nations,  and  gives  a general  abftrad  of  the  che- 
mical knowledge  in  the  firfl  ages.  Let  us  ra- 


means and  talents  neceffary  to  infure 


pidly  trace,  with  him,  this  ohfcure  path. 

7.  A fcience  can  exift  only  by  the  compan- 
ion of  numerous  fads  and  obfervations.  Thefe 
fads,  at  firfl  difcovcred  by  chance,  and  repeat- 
ed by  induflry,  to  fupply  the  wants  of  indivi- 


duals, have  conftituted  tlie  arts.  Their  fuff 
inventors  might,  and  indeed  muff,  neceffarily 
have  been  men  of  genius  : they  were  deified,  as 


a reward  for  their  fer vices,  while  the  great  war- 
riors were  only  c'onfidered  as  heroes.  The  firfl 
accounts  relate  to  the  founders  of  metals,  ope- 
rators at  the  forge,  fabricators  of  arms  ami  ara- 
tory  instruments.  Tubal  Cain  or  V ulcan  is  men- 
tioned, as  having  invented  the  art  of  coining 
money  from  gold  and  filver,  in  the  time  of 
Abraham;  and  to  Noah  is  attributed  the  d if- 


\ 
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covery  of  the  fermentation  of  the  grape,  and 
the  baking  of  bricks. 

8.  In  Egypt  the  fciençe  of  the  priefts  is 
thought  to  have  been  chemiftry.  It  is  aflerte4 
that  after  the  time  of  Heines,  who  infcribed 
the  elements  of  this  fcience  upon  columns,  fhfe 
priefts  tranfported  them  to  the  hieroglyphics  of 
the  temples  and  their  fubterraneous  buildings. 
According  to  Diodorus,  the  Sicilian,  the  che- 
mical arts  were  in  a very  advanced  hate  among 
the  Egyptians.  They  prepared  various  medi- 
cines; they  applied  calcined  afhes  as  cauftics  ; 
they  had  many  compound  articles  of  perfu- 
mery ; they  knew  how  to  make  plafters  with 
metallic  oxides  ; they  cut,  engraved  and  po« 
liihed  hard  hones*  particularly  bafaltes  ; they 
fufed  and  caft  the  metals  ; they  prepared  bricks, 
extracted  natron  from  the  mud  of  the  Nile, 
manufactured  fopes,  alum,  culinary  fait  and 
fal-ammoniac  ; they  extracted  oil  from  olives 
and  the  feeds  of  radilh  ; they  prefer ved  bodies 
by  embalming;  they  worked  in  gold  and  cop- 
per, and  were  acquainted  with  the  procédés  of 
metallurgy;  they  made  glafs,  painted  porce- 
lain and  enamels  ; they  engraved  upon  glafs, 

and  knew  the  method  of  gilding  and  filver- 

- * 

ing  ; they  prepared  a kind  of  beer  and  true  vi- 
negar ; and  they  dyed  h.lk,  by  means  of  mor- 
dants. The  whole  of  thefe  arts,  the  ex i hence 
of  which  in  ancient  Egypt  has  been  admitted 
by  all  travellers  hnce  the  time  of  Diodorus, 
might  well  have  perfuaded  chemifts  that  the 

Egyptians 
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Egyptians  poffeffed  profound  knowledge  of 
the  fcience  of  chemiRrv. 

’ •'  4/ 

9*  We  find  fewer  traces  of  chemiftry  among 
the  Greeks,  who  neverthelefs  acquired  their 
knowledge  of  the  arts  from  Egypt.  7 heir 
greateR  philofophers,  Pythagoras,  Thales,  Plato, â . 
&c.  were  more  difpofed  to  cultivate  the  mathe- 
matics and  aRronomy,  than  the  phyfical  fci- 
ences.  At  Corinth  they  manufactured  famous 
alloys  ; ‘cerufe  was  made  at  Rhodes;  cinnabar 
was  ufed  in  Greece;  they  cut  the  hardeft  Rones., 
and  their  fculptors  are  far  more  celebrated  than' 
their  chemifts.  Tychius  tanned  leather  ; Plato 
has  given  an  accurate  defcription  of  filtration; 
Hippocrates  was  acquainted  with  the  art  of 
calcination;  Galen  fpeaks  of  cliftillation  per 
iefcenfum;  and  the  ambic  is  mentioned  by 
Diofcorides,  long  before  the  particle  al  was 
added  to  that  word.  Athenæus  mentioned  a 
glafis-manufadtory  that  was  eftabliihed  at  Leibos. 
Democritus  of  Abdera  prepared  and  examined 
the  juices  of  plants.  Ariftotle  and  Theophraftus 
treated  of  Rones  and  metals.  Many  of  the 
Grecians  alfo  devoted  themfelves  to  the  my  Re- 
ries  of  alchemy.  All  the  Greek  philofophers 
invented  fyftems  relative  to  the  principles  of 
bodies,  their  elementary  principles,  and  their 
converfion.  The  arts  were  not  more  advanced 
than  thole  of  the  Egyptians  ; their  philofophy 
•was  fyRematic,  and  their  chemiRry  liad  no  ici- 
yntific  exiftence. 

10.  The 
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10.  The  Ifraeiites  acquired  their  information 
in  Egypt.  It  was  there  that  Mofes  learned  the 
properties  of  metals,  the  method  of  extracting 
oils,  the  preparation  of  perfumes,  the  folution  of 
gold,  the  dying  of  linen,  vinification,  acétifi- 
cation, gilding,  and  the  fabrication  of  pottery, 
fope,  &c. 

The  Phenicians  manufactured  a quantity  of 
glafs,  with  which  they  traded  : the  celebrated 
Tyrian  purple,  with  its  three  fliades,  was  in- 
vented by  this  people.  They  alfo  worked  on 
the  ores  and  metals.  The  Perfians  gave  the 
names  of  the  planets  to  the  metals. 

In  China,  even  in  thefe  remote  ages,  the  in- 
habitants were  acquainted  with  nitre,  gun- 
powder, borax,  alum,  verdigris,  mercurial  oint- 
ments, lulphur,  colours,  dyes  for  linen  and  filk, 
and  with  the  art  of  making  paper:  they  alfo 
manufactured  porcelain  and  very  numerous 
kinds  of  earthen  ware  ; they  made  a number  of 
metallic  compounds.  The  ufe  of  wax  and 
ivory  was  well  known  to  them,  and  horn  was 
very  well  manufactured.  From  this  account  of 
the  fiate  of  the  arts,  we  may  be  permitted  to 
eonfider  the  Chinefe,  according  to  Guignes,  as 
an  Egyptian  colony. 

The  Romans  made  no  addition  to  the  chemi- 
cal arts  ; they  derived  them  from  the  Egyptians 
and  the  Greeks.  We  hear  however  that  malle- 
able giafs  was  prefented  to  Cæfar,  according  to 
Petronius,  or  to  Tiberius,  according  to  Pliny. 
All  that  is  related  by  the  latter  concerning  the 

chemical 
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chemical  arts,  was  known  before  the  time  of 
the  Romans.  A people  always  at  Avar  and  vic- 
torious, had  neither  time  nor  inclination  for 
cultivating*  the  arts  and  bringing  them  to  per- 
fection. 

11.  If  Ave  were  to  fix  the  exiflence  of  che- 
miflry  in  the  arts  which  it  elucidated,  it  is 
evident  that  this  fcience  Avoukl  have  preceded 
every  other  ; that  Egypt  would  havm  been  its 
cradle  ; and  that  it  has  been  cultivated  for  time 
immemorial  in  China  ; but  no  true  fcience  in 
fact  exifted.  Vinegar  was  the  only  acid  then 
knoAvn  ; foda  was  denominated  nitre  ; among 
the  faits  they  treated  only  of  fea  fait,  ammoni- 
ac and  alum  ; \7erdigris  and  the  fulphate  of  iron 
were  the  only  known  kinds  of  metallic  faits. 
They  diftinguifhed  no  other  earth  but  lime  and 
clay.  Sulphur,  the  oils  and  bitumens  were 
the  only  inflammable  matters  employed.  They 
Avorked  feven  duéiile  metals  ; the  brittle  me- 
tals were  unknoAvn.  There  Avere  but  feAV  real 
experiments  made  in  chemiftry  ; fo  that  among 
the  Avhole  of  thefe  facts  we  perceive  nothing 
more  than  the  infancy  of  the  art  : there  neither 
was  nor  could  be  any  fcientific  fvflem. 

4/  O' 
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Second  Epociia. 

The  middle  Age,  or  ohfeure  Times  of  Chetni ft ry. 

lo.  BERGMANN,  who  has  written  a very 
good  diflertation  on  this  age,  which  will  ferve 
as  a guide  in  the  prêtent  article,  dates  its  com- 
mencement at  the  feventh  century,  about  the 
time  of  the  deftru&ion  of  the  Alexandrian  li- 
brary by  the  Arabs,  and  makes  it  extend  to 
the  middle  of  the  feventeenth  century.  This 
includes  a period  of  about  one  thoufand  years, 
during  which  the  lcienees  in  general,  and  par- 
ticularly chemiftry,  made  but  very  little  pro- 
grefs.  It  begins  with  the  moll  ihocking  mo- 
nument of  Vandalifm  that  has  ever  been  re- 
corded in  the  hillory  of  definitive  war,  the 
conflagration  of  the  Alexandrian  library,  that 
focus  of  lcience  and  information,  which  vais  fol- 
lowed by  the  definition  of  every  kind  of  know- 
ledge. During  thefe  times,  the  barbarians,  who 
over-ran  and  ravaged  Europe,  expelled  the 
arts  and  lcienees  wherever  they  appeared.  Af- 
ter the  crufades  they  were  again  re  ft  o red,  and 
met  with  more  repofe  and  protetion  ; but  tliofe 
who  cultivated  them  were  obliged  to  combat 
the  attacks  of  fuperftition  and  fanaticifm,  by 
which  they  were  proferibed  as  magicians  and 
for  ce  re  rs. 
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13.  During  ali  this  epocha  of  war  and  def- 
lation, chemiftry  acquired  only  a few  faCts, 
without  connection  and  without  order.  The 
jcience  itfelf  became  devoted  to  unreafonable 
and  extravagant  purpofes.  It  was  directed  to 
the  making  of  gold  and  difcovering  of  an  uni- 
verfal  remedy.  Thefe  two  mental  difeafes,  the 
refult  of  ignorance,  devaluation  and  fuperftition. 
have  long  tormented  the  human  race.  The 
language  of  chemiftry  became  myfterious,  me- 
taphorical, and  notwithstanding  the  anathemas 
of  the  church,  and  the  vigilance  of  kings  again  ft 
the  adept  impoftors  and  alchemifts,  who  had  in- 
creafed  beyond  calculation,  time  alone  could 
cure  this  leprofy  of  the  mind,  which  exifted 
during  the  whole  period  on  which  we  treat. 
Such  is  the  general  tketch  of  this  obfcure  epoch 
of  chemiftry  as  given  by  Bergmann.  Among 
all  the  abfurdities  which  difgrace  it,  one  ufeful 
effeCt  is  to  be  met  with  ; namely,  that  the  al- 
chemifts, by  their  immenfe  labours,  have  dil- 
covered  a number  of  faCts,  which  without  their 
exertions,  would  have  remained  unknown. 

14.  One  of  the  remarkable  circumftances  of 
this  period  conflits  in  the  application  of  chemif- 
try to  the  materia  medica  by  the  Arabs.  Thefe 
people  were  the  firft  who  ufed  fugar  as  an  arti- 
cle of  medicine,  under  the  name  of  honey  of 
canes.  Rhazez  made  a great  number  of  mix- 
tures and  compofitions.  He  employed  all  tire 
operations  of  chemiftry  in  the  preparation  of 
medicaments.  Albucafis  poffeffed  ftill  greater 
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chemical  knowledge  than  Rhazez  ; he  very 
clearly  defcribed  the  three  kinds  of  diftillation, 
the  apparatus  for  diftilling,  as  well  as  a num- 
ber of  experiments.  Geber,  a chemift  itill  more 
defer ving  of  praife,  was  acquainted  with  corro- 
five  fublimate,  aqua  regia,  and  the  folution  of 
gold.  Mezué  purfued  the  fame  career,  and 
defcribed  a number  of  pharmaceutic  prepara- 
tions ; he  was  denominated  the  evangelift  of 
the  pharmacians. 

15.  Nicholas  Prévoit,  a phyfician  at  Tours, 
collected  and  publiihed  at  Lyons,  in  1505,  all 
the  receipts  and  antidotes  then  known.  Vale- 
rius Corduc,  in  1542,  publiihed  the  firft  chemi- 
cal pharmcopoeia,  in  which  he  defcribed  ether 
with  tolerable  precifion,  under  the  name  of 
fweet  oil  of  vitriol. 

In  the  year  1270,  Thaddæus,  the  Florentine, 
pointed  out  the  medicinal  property  of  alcohol. 
In  the  fifteenth  and  fixteenth  centuries,  Bafil 
Valentin  and  Paracelfus  employed  many  che- 
mical preparations  in  medicine.  The  pupils  of 
the  latter  hill  farther  extended  the  ufe  of  opium 
and  mercury.  Antimony,  on  account  of  the 
diffentions  and  contefts  among  the  phylicians, 
gradually  became,  by  the  efforts  of  the  che- 
mifts,  one  of  the  molt  valuable  remedies  that 
exilled  in  the  whole  materia  medica.  In  1609, 
Crollius  publiihed  an  account  of  the  method  of 
preparing  fweet  mercury,  or  mercurius  dulcis. 
The  pharmacopoeias  were  compofed  with  great 
attention,  pérfpicuity,  and  methodical  arrange- 
ment ; 
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ment  ; that  of  Schroder,  in  particular,  at  the 
end  of  the  epoch  on  which  we  treat,  contained 
all  the  molt  important  chemical  preparations, 
with  accurate  defcriptions  of  various  pro- 
celles. 

lb.  Economical  chemiftry  and  the  chemical 

\s 

arts  made  but  little  progrefs  during  this  period. 
The  procédés  of  metallurgy  remained  involved 
in  oblcurity  till  the  eighth  century  ; and  it  was 
not  till  the  fixteenth  century  that  they  were 
formed  into  a fyftem  by  G.  Agricola.  He  was 
the  firft  who  publilhed  in  154b,  a methodical 
work  on  metallurgy  and  the  docimaftic  art,  in 
twelve  books,  which  comprifed  all  its  parts. 
This  was  immediately  fucceeded  by  the  trea- 
ties of  Encelius,  Fafch,  and  Lazarus  Ercker. 
The  glafs  employed  for  windows  towards  the 
dole  of  the  third  century  was  firft  manufac- 
tured in  France,  and  afterwards  in  England, 
about  the  feventh  century.  Coloured  glafs  and 
enamel  were  invented  in  Europe  fubfequent  to 
the  difcovery  of  common  glafs. 

1 7.  Thefe  general  con  liberations  on  the  flow 
progrefs  of  chemiftry  and  the  chemical  arts  in 
the  middle  age  of  fcience,  are  given  in  the  dif- 
fertation  of  Bergmann  in  a vague  manner,  which 
does  not  afford  any  notion  of  the  fucceffion  of 
the  leading  men  who  cultivated  the  fcience 
during  that  period.  This  defect  muff  be  fup- 
plied  by  a concife  enumeration  of  the  molt 
celebrated  chemifts  who  have  fucceeded  each 
other  from  the  middle  of  the  feventh  to  the 

middle 
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middle  of  the  feventeeth  century.  After  the 
Arabs  already  mentioned/  who  floürifhed  partie 
cularly  in  the  eighth,  ninth,  tenth,  and  eleventh 
centuries,  it  is  neceffary  to  hate  that  alchemy 
became  the  predominant  infanity  of  the  minds 
of  men  from  the  twelfth  to  the  fixteenfh  cen- 
tury, and  that  all  the  authors  who  wrote  during 
this  period,  have  more  or  lefs  infeéted  their 
works  with  this  alchemical  phrenzy. 

18.  The  thirteenth  century  is  rerharkable  for 
Albert  the  Great,  a Dominican  of  Pologne, 
who  was  confidered  as  a magician,  doubtlefs  on 
account  of  his  chemical  experiments  ; for  Roger 
Bacon,  born  in  the  year  1214,  near  Ilchefter 
in  Somerfet,  and  celebrated  for  his  inventions 
of  the  camera  obfcura,  the  telefcope,  and  gun- 
powder, for  feveral  fmgular  machines,  and  for 
his  great  reputation  which  caufed  him  to  be 
called  the  admirable  doctor  ; and  laftly,  for  the 
birth  of  Arnaud  de  Villeneuve,  a native  of 
Languedoc,  who  treated  of  the  mineral  acids, 
and,  betides  his  chemical  erudition,  pofiefled  a 
vaft  knowledge  of  medicine. 

19.  In  the  fourteenth  century  we  meet  with 
Raymond  Lulli,  placed  among\the  adepts,  and 
who  wrote  upon  the  mineral  acides  and  metals. 
He  was  fucceeded  by  Bafil  Valentin,  a German 
Bcnedicline  of  the  fifteenth  century,  famous  for 
his  treatife  upon  antimony,  in  which  we  find 
feveral  preparations  that  have  fince  been  given 
to  the  world  as  new  difcoveries.  Ifaacus  Hol- 
lands 
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landus  lived  about  the  fame  time  ; his  produc» 
tions  were  much  admired  by  Boerhaave. 

20.  The  fixteenth  century  was  occupied  by 
the  fchool  of  Paracelfus,  who  was  born  near 
Zurich  in  1493  ; he  was  a famous  chemift,  and 
an  enthuftaft  of  the  fcience  and  the  remedies  it 
afforded,  defpifing  all  the  ancient  principles  of 
medicine.  He  performed  miraculous  cures 
with  opium  and  mercury,  promifed  himfelf  im- 
mortality by  his  remedies,  and  died  in  confe- 
quence  of  his  debaucheries,  at  the  age  of  about 
forty-eight  years,  in  a fmall  inn  at  Saltzburg. 
Many  chemical  phyficians  adopted  and  propa- 
gated the  principles  of  Paracelfus,  in  the  courfe 
of  the  fixteenth  and  beginning  of  the  feven- 
teenth  century.  In  this  lift,  we  find  Crollius, 
Ortelius,  Poterius,  Béguin,  Tachenius,  Zwelfer, 
Glazer,  Caffius,  Digby,  Libavius,  Angelus-Sala, 
Blaife  de  Vigenere,  & c.  Among  thefe  che- 
mifts,  and  nearly  about  the  period  when  the 
works  of  feveral  of  them  were  publifhed,  it  is 
neceffary  to  diftinguifh  V an  Helmont,  a man  of 
genius,  of  whom  I fhall  have  farther  occafion 
to  fpeak  ; Becher,  fo  famous  for  his  treatife  on 
the  fubterraneous  world,  and  his  extenfive  views 
of  fcience  ; Kunckel,  one  of  the  fir  ft.,  accurate 
writers  on  chemical  phenomena  ; Glauber,  illuf- 
trious  for  the  great  number  of  his  difeoveties, 
and  for  his  advice  and  method  of  not  rejecting 
as  ufelefs  the  refiduum  of  experiments;  and 
Kirchcr  and  Co.nringius,  the  wife  and  learned 
antao-onifts  of  alchcmv. 


21.  Berg- 
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2 Î.  Bergmann  concludes  his  hiflory  of  the* 
middle  age  of  chemiftry,  by  a fummary  of  the 
chemical  difcoveries  made  in  the  coiirfe  of  this 
period,  or  during  the  thoufand  years  it  com- 
prifes,  The  clafs  of  acids  was  increafed  by  the 
difcovery  of  the  fulphuric,  nitric,  and  muriatic 
acids.  The  alkalis  were  rather  better  known, 
and  the  volatile  alkali  was  extracted  from  fal- 
ammoniac  by  Bafd  Valentin,  by  means  of  fixed 
alkali.  The  fulphate  of  potafh,  prepared  in 
three  or  four  ways,  received  different  names  ; 
and  that  of  vitriolated  tartar,  which  it  bore  for 
a long  time,  was  given  it  by  Crollius.  The  ni- 
trate of  potafh  received  the  name  of  nitre, 
which  till  that  time  was  applied  to  foda.  J, 
Sylvius  difcovered  the  muriate  of  potafh,  which 
he  called  digeftive  fait,  and  Glauber,  the  ful- 
phate of  foda,  which  he  decorated  with  the 
name  of  admirable  fait.  Several  earthy  faits 
now  began  to  be  known,  and  among  others  the 
muriate  of  lime,  under  the  name  of  fixed  fal- 
ammoniac. 

The  metallic  faits  alfo  were  invefligated  ; the 
nitrate  of  filver  in  the  form  and  under  the  name 
of  cry  fiais  of  Diana,  and  the  infernal  ftone,  the 
muriate  of  filver,  under  the  name  of  luna  cor- 
nea; the  two  muriates  of  mercury  were  describ- 
ed' and  employed  : the  red  precipitate,  or  coral- 
line arcanum,  the  fugar  of  lead,  butter  of  an-, 
timony,  powder  of  algaroth,  antimonial  tartar, 
the  three  vitriols,  were  either  difcovered  or 
more  carefully  examined  and  diftinguiihed. 

Sand 
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Sand  was  diftinguifhcd  from  clay,  lime  water 
Was  prepared,  and  the  alkaline  fulphurets  were 
brought  into  notice 

The  brittle  metals,  or  femi-metals,  were  dif- 
tinguilhed  from  the  dudtile  fpecies;  bifmuth, 
zinc,  antimony,  and  even  arfenic,  were  obtained 
in  the  metallic  hate.  A number  of  oxides,  of 
protended  metallic  tinctures,  particularly  the 
purple  mineral,  fulminating  gold,  mineral  tur- 
bith,  the  faline  precipitates  of  mercury,  or  the 
mercurial  oxides,  of  various  colours,  minium  and 
litharge,  colcothar,  faffrons  of  Mars,  diapho- 
retic antimonv,  &c.  were  difcovered,  and  their 
preparations  tolerably  well  defcribed. 

The  diftillation  of  volatile  and  empyreumatic 
oils  was  alfo  begun  ; the  ethers  were  difcovered, 
fpirit  of  wine  was  generally  known,  and  even 
eliding;  uilhed  bv  the  name  of  alcohol,  which  it 
has  retained  to  the  prelent  day. 

22.  After  relating  all  thele  difcovcries,  as 
they  are  prefented  by  Bergmann  in  that  period 
of  the  hiftory  of  the  fciences  on  which  we  are 
now  engaged,  the  reader  will  doubtlefs  be  afto- 
nifhed,  that  our  fketch  was  commenced  with 
the  aflertion  that  chemiftry,  like  the  other  fci- 
cnees,  has  made  but  llow  progrefs  ; and,  in  fact, 
this  appears  to  be  an  evident  contradiction  to 
what  has  beenfaid  in  No.  12  of  the  prefent  arti- 
cle, and  what  has  likewife  juft  been  ftated  in  No. 
*21.  It  is  necefiary,  however,  to  remark,  that  molt 
of  thele  difeoveries  were  made  by  the  alche- 
mifts,  befides  which,  the  greater  number  of  them, 
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particularly  thofe  which  appear  to  us  to  de  ferre 
the  appellation  of  capital,  belong  only  to  the 
t wo  lait  centuries  of  this  long  epocha  ; and  that 
the  torpor  of  the  fcience,  as  well  as  the  obfcu- 
rity  in  which  it  was  enveloped,  belong  entirely 
to  the  firffc  eight  centuries,  from  the  middle  of 
the  feventh.  to  the  middle  of  the  fifteenth. 
This  epocha  might  therefore  be  divided  into 
two  others,  if  the  laft  were  not  infeéted  by  the 
errors  of  alchemy.  It  fhould  alfo  be  added, 
that  there  exifted  no  connection,  no  fy hematic 
method  in  chemical  knowledge,  which  could 
form  either  a fy hematic  aggregate  or  fcience; 
and  that  all  the  incoherent  facts  of  which  we 
have  juft  given  an  abftract  related  more  to  the 
ridiculous  ideas  or  exaggerations  of  alchemy, 
or  the  univerfal  medicine,  than  to  the  advance- 
ment of  a fcience,  which,  in  faCt,  did  not  really 
exift  at  that  time. 


Third  Period. 


Origin  of  Philofophical  Chemiftry  ; labours  of  learned 
Societies  ; numerous  Klement ary  Porks. 


23.  THOUGH  the  character  of  the  preceding 
epocha  he  drawn  particularly  from  the  vrant  of 
every  connected  fyftem  or  methodical  arrange- 
ment, nevertheiefs,  the  latter  part  of  this  pe- 
riod, particularly  from  the  commencement  of 


the  ieventeenth  century,  was  marked  by  the  pub- 
lication of  lèverai  works  which  contained  the 
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firlt  notion  of  a connection  between  the  faCts,  and 
the  mutual  dependence  of  the  truths  already  dif- 
covered.  Such  were  thofe  of  Libavius,  Van- 
Helmont,  Angélus  Sala,  Béguin,  Brendelius, 
Rolfinck,  Starkey,  Viganus,  and  feveral  others 
which  appear  to  be  applicable  only  to  the  time 
of  their  publication,  during  the  period  which 
has  juft  been  defcribed,  and  to  open,  by  the 
fyltematic  attempts  they  began  to  exhibit,  a 
path  to  that  fcience,  which  was  formed  footr 
after  this  period. 

24.  At  the  commencement,  or  as  it  were  at 
the  head  of  the  period  on  which  we  at  prefent 
treat,  may  be  placed  two  men  whofe  works  have 
greatly  excelled  thofe  of  their  predecelfors,  on 
account  of  the  clearnefs  of  the  ideas  contained 
in  them,  and  the  order  and  method  of  their 
arrangement  : the  authors  were  Earner  and 

ZD 

Bohnius.  The  publication  of  thefe  two  hr  ft 
philofopliical  works  on  our  fcience  coincides 
with  the  origin  of  experimental  philofophy, 
and  mult  be  confidered  as  the  birth  of  true  che- 
miltry.  The  philofopliical  chemiftry  of  Ear- 
lier, and  the  treatiie  of  rational  chemiftry  by 
Bohnius  have  long  been  the  only  books  of  ftu- 
dents.  Stahl  knew  the  firlt  of  thefe  by  heart 
at  the  age  of  fifteen  years. 

23.  The  minds  of  men  being  freed  from  the 
ancient  yoke  of  opinions  too  highly  credited, 

• and  at  length  corrected  from  the  errors  of  al- 
chemy, were  led  to  new  conceptions,  by  the 
difcoveries  and  productions  of  Bacon,  Def- 
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cartes,  Leibnitz,  Galileo,  Torricelli,  and  the 
great  Newton.  They  now  began  to  perceive 
that  it  was  by  means  of  experiments  that  na- 
ture ought  to  be  inveftigated.  Experimental 
philofophy  loon  arofe,  and  learned  focieties 
began  to  be  eftablilhed  from  about  the  middle  to 
the  end  of  thefixtcenth  century.  The  academy 
del  Ciment o,  founded  at  Florence,  in  1651,  the 
Royal  Society  of  London,  in  1660,  and  the 
Academy  of  Sciences  of  Paris,  in  1666',  were 
the  nurferies  and  defenders  of  experimental 
philofophy  and  chemiftry  : in  thefe  focieties, 
the  moft  important  labours  were  undertaken, 
relative  to  the  analyfis  of  a great  number  of  bo- 
dies, & c.  Among  the  immenfe  researches  com- 
prifed  in  this  period,  of  one  hundred  years,  from 
3 650  to  1776,  we  muft  confine  ourfelves  to 
hate  the  moft  ftrikingpfaâs  and  refults  with  the 
names  of  the  moft  celebrated  chemifts  who  have 
produced  them,  together  with  the  moft  im- 
portant advances  they  have  made  in  the  fcience 
itfelf. 

26.  The  analyfis  of  waters  was  begun  at  Pa- 
ris by  Duclos  : the  diftillation  of  plants  by  na- 
ked lire  was  performed  with  great  attention  by 
D odart  and  Boulduc,  Leibnitz  examined  the 
phofphori  and  tire  waters  of  Berlin,  and  found- 
ed the  Academy  of  Pruftia  in  the  year  1700, 
upon  the  plan  of  that  at  Paris.  Newton  him- 
felf  began  to  communicate  to  the  Royal  So- 
ciety of  London,  fome  new  and  general  ideas 
on  chemical  phenomena.  Boyle  combined  a 

number 


OF  CHEMISTRY. 


31 


Ti  umber  of  chemical  obfer  vat  ions  with  plnlofo- 
phi  cal  experiments.  At  Paris,  the  two  Lc- 
merys,  the  three  Geofifroys,  Lefebvre,  Glazer, 
Hombcrg,  Hellot,  and  Duhamel  enlarged  the 
fphere  of  the  fcience,  while  in  Germany,  Pruf- 
fia,  and  Sweden,  it  was  cultivated  and  advanced 
by  Henckel,  Sch lutter,  and  others  ; in  England 
by  Starkey,  Morley,  Wilfon,  and  Slare  ; and  in 
Holland  by  Glauber,  Sylvius,  and  Le  Mort. 

27*  Among  thefe  indefatigable  philofo- 
phers,  one  man  arofe  in  Pruffia,  who  fixed  the 
theory  of  the  fcience  for  half  a century  by  the 
moft  impreflive  arrangement,  and  the  molt  ex- 
tenfive  and  connefited  fyftem.  The  illu (trions 
Stahl,  enlightened  by  the  labours  and  views  of 
Kunckel,  and  particularly  of  Becher,  on  whofe 
works  he  commented,  was  the  inventor  of  an 
ingenious  fyftem  upon  combined  fire,  which  lie 
applied  to  all  the  fabls  then  known,  and  which, 
under  the  name  of  phlogifton,  before  denomi- 
nated inflammable  earth  by  Becher,  produced 
for  the  firft  time,  a parent  idea,  embracing  the 
whole  fcience,  by  the  re-union  of  all  its  parts; 
and  deferring  to  unite  the  fufii-age  of  all  men 
pofiefied  of  the  fpirit  of  philofophy.  Bocr- 
haave,  on  his  part,  at  Leyden,  contributed  much 
to  the  formation  of  philofophical  chemiftry, 
which  he  enriched  with  a number  of  experi- 
ments on  fire,  heat,  light,  the  vegetable  ana- 
. ly fis,  &c.  In  the  fteps  of  thefe  celebrated 
men,  with  the  fame  fpirit,  and  by  purfuing  the 
path  which  they  had  opened,  the  moft  able 
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chemifts  have  proceeded  for  more  than  fifty 
years.  Among  thefe  enlightened  individuals, 
difciples  and  promoters  of  the  Stahlian  fchooi, 
particularly  thofe  of  France,  we  muft  rank  the 
names  of  Groffe,  Baron,  Macquer,  the  two 
B.ouelles  ; in  Germany  and  Sweden,  Pott, 
Cronftedt,  Wallerius,  Lehman,  Gellert,  Mar- 
graaf  and  Neumann;  in  England,  Freind, 
Shawe,  Lewis  ; in  Holland,  Gaubius,  See.  &c. 

28.  Geoffroy  the  elder,  a phyfician  at  Paris, 
Member  of  the  Academy  of  Sciences,  and 
author  of  the  celebrated  Materia  Medica,  Urines 
in  the  nridft  of  this  celebrated  lift,  for  the  hap- 
py thought  of  reprefenting  the  chemical  affini- 
ties, in  a table  which  he  publiflred  in  1718. 

In  a table  of  fixteen  columns,  containing  the 
principal  bodies  at  that  time  known,  which  he 
difpofed  according  to  the  order  of  their  mutual 
affinity,  he  prefents  the  ingenious  method  of 
deferibing,  in  a very  limited  fpace,  the  refults 
of  the  principal  experiments  in  cliemiftry.  This 
real  and  rnoft  important  difeovery  has  diredled 
a great  number  of  chemifts,  who  have  added 
many  articles  to  his  v/ork,  but  who  are  evi- 
clently  indebted  for  the  idea  to  the  illuftrious 
Geoffroy.  Thus  the  tables  of  affinity  by  Rouelle, 
Limbourg,  Machy,  Wenzel,  and  even  thofe  of 
Bergmann,  which  have  furpafied  all  the  others, 
are  certainly  nothing  more  than  the  invention 
of  Geoffroy  enlarged  and  continued. 

29.  During  the  fpace  of  one  hundred  years, 
fo  remarkable  in  the  annals  of  fcience,  for  the 
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deftruCtion  of  ancient  errors,  for  the  origin  of 
experimental  philofophy,  and  the  eftablifhment 
of  learned  focieties  ; and  no  lefs  remarkable  for  its 
great  number  of  practical  chemifts,  the  mafs  of 
new  facts  and  difcoveries  mutt  necelfarily  have 
been  confiderable.  It  will  be  fufficient,  in  this 
place,  to  give  a flight  enumeration,  in  order  to 
afford  an  adequate  notion  of  their  magnitude. 
The  diamond  was  found  to  be  combuftible  ; the 
inflammable  and  mephitic  gales  of  mines  were 
diftinguilhed  ; Lemery  made  his  artificial  vol- 
cano with  moiftened  fulphur  and  iron;  the  mi- 
neralifation  and  heat  of  waters  were  accounted 
for;  phofphorus  was  dif covered,  and  the  method 
of  extracting  it  from  human  urine  carefully  de- 
fcribed  in  1737.  Kunckel  and  Henckel  con- 
fiderably  advanced  the  chemical 
tals  ; cobalt,  arfenic,  zinc  and  their  ores  became 
better  known;  the  examination  of  the  chemi- 
cal properties  of  iron,  antimony  anti  mercury, 
gave  rife  to  a number  of  new  preparations  ; the 
fimilarity  and  difference  between  thefe  prepara- 
tions, and  their  fyftematic  claffifi cation,  were 
more  exactly  determined  ; platina  was  diftin- 
guiflied  from  the  other  metals,  and  its  princi- 
pal characters  difeovered  ; nickel  and  manga- 
nefe  were  added  to  the  order  of  metals.  I)o- 
cimafy  and  metallurgy  were  highly  improved, 
and  the  works  of  Cramer,  Schlatter,  Schindler, 
Delius,  Jufti,  Wallerius,  Tillet,  Hellot  and  Jars, 
tended  to  correct  a number  of  errors,  by  eluci- 
dating the  proceffes,  and  connecting  them  with 
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the  fcience.  All  the  pharmaceutical  prépara* 
tions  were  greatly  corrected  and  improved  ; and 
the  errors  introduced  by  chemiftry  into  the  cu- 
rative art  became  infinitely  lefs  dangerous. 

30.  During  this  period  the  analyfis  of  vege- 
tables in  particular  experienced  very  happy 
amendments.  After  the  labour  of  thirty  years 
on  the  difiillation  of  plants  by  naked  fire,  it 
was  difeovered  that  a falfe  procefs  had  been 
adopted  ; and  the  examination  of  vegetables  by 
folvents  was  then  began  ; the  fermentations 
were  ftudied  and  claffed  ; the  immediate  mate- 
rials of  plants  were  carefully  purified  and  diftin- 
guiflied  from  each  other  ; the  properties  of  each 
Avere  ftudied  and  determined  ; feveral  even  of 
thefe  materials,  fuch  as  gluten,  caoutchouc, 
the  efiential  faits,  and  colouring  fubftances  Avere 
difeovered  ; etherification  became  one  of  the 
molt  confiant  and  remarkable  phenomena  of  the 
analyfis  of  alcohol  ; the  arts  Avhich  have  vege- 
tables for  their  object,  particularly  baking, 
dyeing,  fope-boiling,  &c.  received  very  great 
improATements. 

31.  The  animal  analyfis  derived  advantages 
from  the  birth  of  philofophieal  chemiftry,  from 
the  fcientific  lbcicties,  and  from  the  fuccefsful 
labours  of  thofe  chemifts  Avho  flouri fired  in  the 
third  period  of  the  hiftory  of  the  fcience,  equal- 
ly great  with  thofe  of  the  chemiftry  of  mine- 
rals and  vegetables.  Schlofier  and  Margraaf 
made  the  valuable  difeovery  of  phofphoric  faits 

-in  urine,  and  of  the  true  origin  of  the  phof- 
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phorus  extracted  from  tliis  animal  fluid.  Hou- 
elle,  the  younger,  and  Poulletier  de  la  Salle 
examined  the  animal  fluids  and  fome  of  the 
folids.  The  property  of  animal  fuhftances  of 
producing  volatile  alkali  by  heat  and  putrefac- 
tion was  proved,  which  Van  Helm  ont,  upwards 
of  a century  before,  had  indicated  as  one  of  the 
diftinCtive  characters  of  thefe  bodies:  the  caufes 
and  phenomena  of  putrefaction  were  alfo  ftudied 
with  confiderable  attention.  But,  in  the  courfe 
and  number  of  thefe  labours,  it  mult  be  admit- 
ted that,  notwithftanding  the  connection  al- 
ready eftablifhed  between  them,  they  have  left 
the  Ici  en  ce  in  that  vague  and  indeterminate 
ftate  which  is  likewife  obfervable  even  in  the 
vegetable  analyfis,  and  which  forms  the  diftinc- 
tive  character  of  the  period  on  which  we  treat 
with  refpeCt  to  organic  fuhftances. 

32,  The  refult  of  the  hiftory  of  this  third 
period  confifts  in  the  real  formation  of  the  fei- 
ence,  the  fyftematic  order  and  connection  efta- 
blifhed between  all  the  known  faCts,  the  con- 
denfation  of  all  the  dilcoveries  made  during  this 
period,  and  their  methodical  difpofltion  into 
a fyftem  of  chemical  knowledge.  M oft  of  the 
important  treatifes,  in  which  chemical  faCts 
have  been  combined  and  publiflied,  with  a Sci- 
entific method  that  it  would  be  in  vain  to 
expeCt  before  this  period,  were  written  after  the 
time  of  Stahl  and  Boerhaave,  after  the  firft 
thirty  years  of  the  eighteenth  century. 

33.  Among 
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33.  Among  the  clafs  of  celebrated  cliemifts 
of  whom  I am  here  to  fpeak,  and  whofe  philo- 
fophical  works  have  glorioufly  terminated  the 
forty  years  of  the  period  under  confideration , 
may  be  particularly  mentioned;  1.  Senac,  au« 
thor  of  Nouveau  Cours  de  Chimie,  fui  vaut  les 
principes  de  Newton  et  de  Stahl,”  publifhed  in 
1 723:  2.  Juncker,  author  of  the  “ Confpebtus 
Chimiæ  theorico  pratic-æ,”  publifhed  at  Halle, 
in  1730,  1738,  1744  and  1750;  3.  Shaw,  au- 
thor of  the  “ Chemical  Lectures  at  London,  in 
1733;  4.  Cartheufer,  author  of  the  u Elementa 
Chemiæ  dogmatico-experimentalis,”  173b; 
5.  Macquer,  author  of  “ Elemens  de  Chimie 
theoretique,”  in  174 9,  and  of  “ Elemens  de 
Chimie  pratique,”  in  1751  ; 6.  Vogel,  author 
of  “ Inftitutiones  Chimiæ,”  Gott.  1755;  7.  Fred. 
Hoffman,  author  of  “ Chemia  rationalis  et  ex- 
perimentalist7 175b;  8.  Spielman,  author  of 
Inftitutiones  Chemiæ,”  17b3. 


Fourth  Period. 

Difcovery  of  the  Gafes;  Commencement  of  a great 

Chemical  Revolution. 

34.  NOTWITHSTANDING  the  exertions  of 
the  operative  chemifts  of  the  preceding  period, 
an  immenfe  chafm  ftill  exifted  in  the  fcience. 
Too  little  attention  had  been  paid  to  the  influ- 
ence of  the  air;  from/ which  the  minds  of  men 
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were  diverted  by  the  fubjeét  of  combined  fire, 
as  explained  by  Stahl.  Elaftic  fluids  were  dif- 
engaged  in  many  operations  which  were  indif- 
tincfly  fuppofed  to  be  air,  and  thefe  which  often 
formed  the  greateft  part  of  the  products,  were 
neglected.  There  was  alfo  an  abforption  of  air 
in  many  other  operations,  and  no  one  had  en- 
deavoured to  appreciate  its  influence.  It  was 
upon  the  knowledge  of  thefe  two  phenomena 
that  a revolution  was  advancing,  of  which  the 
influence  was  deftined  to  produce  a total  change 
in  the  whole  fcience  of  chemiftry. 

35.  Van  Helmont  faw  and  myfterioufly  an- 
nounced the  gafes  in  1620. 

J.  Rey  apprehended  the  fixity  of  air  in  cal- 
cined metals  in  the  year  1630. 

Boyle  made  many  new  experiments  upon  air 
at  the  end  of  the  feventeenth  century,  but  as 
they  were  rather  phyfical  than  chemical,  his 
experiments  did  not  fufficiently  alter  the  views 
and  manipulations  of  the  chemifts. 

Mayow  made  experiments  to  afcertain  the 
influence  of  air  in  combuftion  and  refpiration, 
in  1 660  ; he  drew  afide  the  veil  by  his  ingenious 
refearches  ; but  they  were  almoft  unintelligible 
to  his  cotemporaries,  and  his  affertions  were 
claffed  among  hypothefes  and  Angular  opinions, 
and  the  veil  again  fell. 

In  1723,  Hales  made  a number  of  experi- 
ments on  elaflic  fluids  difengaged  in  diftillation, 
&c.  but,  always  conceiving  that  he  obtained 
air  more  or  lefs  changed,  and  even  endeavour- 
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ing  to  purify  it,  he  derived  from  ail  his  labour 

only  an  erroneous  refult,  viz.  that  air  was  the 

cement  of  bodies,  and  the  caufe  of  their  folidi- 

ty.  There  was  no  connection  whatever  between 

thefe  fir  ft  attempts  ; the  connection  that  has 

fmce  been  difcovered  between  them  was  totally 

«/ 

deftroyed  after  the  time  of  Hales.  The  facts 
already  difcovered  leem  to  have  been  foon  for- 
gotten,  as  well  as  the  original  notions  to  which  ' 
they  had  given  rife. 

3b.  In  1750,  Venel,  profeffor  of  Chemiftry  at 
Montpellier,  refumed  the  courte  of  his  experi- 
ments, by  condenfmg  in  water  the  fluid  difen- 
gaged  by  effervefcences,  and  by  its  artificial  fo- 
lution  he  imitated  the  acidulous  mineral  wa- 
ters ; but  he  hill  exerted  all  his  efforts  to  prove 
that  this  elaftic  fluid  was  air. 

In  1755,  Black,  profeffor  of  Chemiftry  at 
Edinburgh,  examined  the  pretended  air  of  ef- 
fervefcence;  and  proved  that  it  is  not  air,  that 
it  is  readily  abforbed  by  cauftic  alkalis,  that  it 
renders  them  mild,  and  effervefccnt,  that  it  is 
difengaged  from  them  by  lime,  which  it  con- 
verts into  chalk  ; but  he  continued  to  ufe  the 
name  of  fixed  air,  which  Hales  had  given  it 
thirty  years  before,  without,  however,  diftin- 
guifhing  it  from  air,  as  Black  now  did.  The 
remarkable  fadts  obferved  by  the  latter  refpedt- 
ing  the  difference  between  this  fluid  and  air. 
with  which  it  had  till  then  been  confounded, 
mady  a great  impreffion  upon  the  minds  of 
ehemifts  ; and  induced  them  to  examine  its 
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properties  with  attention.  Such  was  the  origin 
of  an  immenfe  revolution,  which,  by  enlarging 
its  dominion,  has  totally  changed  the  whole 
afpecft  of  the  fcience. 

37.  At  the  fame  time  that  Black  made  this 
capital  difcovery  at  Edinburgh,  Saluces,  at  Tu- 
rin, examined  the  gas  difengagcd  from  gun- 
powder, during  its  inflammation.  He  com- 
pared it  to  that  of  effervefcence.  I11  both  he 
difcovered  the  property  fo  different,  namely,  of 
extinguifhing  bodies  in  combuftion  ; he  diftin- 
guifhed  it  by  feveral  other  of  its  characters  ; 
biit  he  was  lefs  accurate  than  Black  in  his  con- 
clufions,  and  ftiil  conceived  it  to  be  air,  altered 
by  foreign  matters. 

38.  Immediately  after  Black,  Brownrigg,  in 
England,  found  that  Pyrmont  water  contained, 
as  the  principle  of  its  galeous  and  acidulous 
property,  the  fame  elaftic  fluid  that  Black  had 
difcovered  in  the  effervefeent  alkalis,  in  chalk 
and  magnefia  ; and  thus  he  combined,  by  one 
of  the  1110ft  happy  coincidences,  the  experi- 
ments of  Vend,  on  brifk  acidulous  waters,  then 
called  fpirituous  waters,  with  the  difcovery  of 
the  celebrated  profeffor  at  Edinburgh. 

39.  But  during  the  time  while  Macbride,  in 
1764,  repeated  and  added  to  the  experiments  of 
Black,  upon  fixed  air,  while  he  extended  his 
views  reflecting  the  properties  of  this  new  fluid, 
and  made  an  ingenious  application  of  it  to  the 
animal  economy  and  medicine,  a fkilful  Ger- 
man chemill,  Meyer,  of  Oma brack/  advanced 
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an  opinion  on  lime  and  alkalis  quite  oppofite  to 
that  of  Black.  He  admitted  in  fhefe  cauftic 
fnbftances,  a principle  of  an  ingenious  créa- 
tion,  of  which  he  did  not  indeed  prove  the  ex- 
ifience,  but  he  maintained  his  hypothefis  by 
experiments  calculated  to  impofe  on  many  or- 
dinary thinkers.  This  principle  he  denomi- 
nated caufticum , or  acidum  pingue;  he  fuppofed 
the  tranfition  of  heat  in  lime,  alkalis  and  me- 
tals, and  thus  explained  the  phenomena  of  all 
calcinations. 

40.  This  new  dedrine  foon  divided  the  che- 
mifts  into  two  claffes  ; thole  who  believed  in 
the  caufticum  of  Meyer,  and  others  who  admit- 
ted the  fixed  air  of  Black.  Nearly  the  whole 
of  Germany  appeared  difpofed  to  adopt  the 
fyftem  of  the  acidum  pingue , though  it  was 
only  an  imaginary  principle,  while  fixed  air 
was  a real  one;  when,  in  17 69,  Jacquin,  pro- 
feflor  of  chemiftry  at  Vienna,  in  Auftria,  pub- 
liihed  a learned  differtation,  abounding  with 
fads,  equally  curious  and  accurate,  in  which  he 
examined  and  compared  both  dodrines.  He 
evidently  proved  that  fixed  air  explained,  by 
rigorous  experiments,  the  caufticity  of  the  al- 
kalis, of  lime,  and  the  adiôn  of  the  latter  upon 
the  former  ; and  that  it  is  colleded  by  the  ac- 
tion of  heat  during;  the  calcination  of  chalk. 
The  order  of  this  learned  differtation,  the  clear- 
nefs  of  the  ideas  of  its  celebrated  author,  the 
force  of  his  reafoning,  and  the  nature  of  the. 
fads  thcmfelves  which  he  quoted,  threw  fo  great 
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a light  upon  the  queftion  which  was  to  decide 
the  fate  of  chemiftry,  that  the  greateft  number 
of  chemifls  adopted  and  admitted  the  exiftence 
of  fixed  air,  as  a body  very  different  from  com- 
mon air.  Even  the  arguments  employed  by 
Crans,  in  oppofition  to  thofe  of  Jacquin,  in  a 
dilTertation  which  he  publifhed  in  1770,  to  de- 
fend the  theory  of  Meyer  again  ft  that  of  Black, 
tended  rather  in  the  opinion  of  men  of  perfpi- 
cuous  reafoning  to  prove  the  exigence  and  pro- 
perties of  fixed  air,  than  to  invalidate  the  ar- 
guments of  his  opponent. 

41.  Cavendifh,  a philofopher  at  London,  pub- 
lifhed, in  1766  and  1767,  in  the  Philofophical 
TranfaCtions,  a courte  of  important  experi- 
ments, which  greatly  advanced  the  knowledge 
and  general  theory  of  elaftic  fluids.  By  exa- 
mining fixed  air  with  apparatus  ltill  more  exadt 
than  thofe  of  Black,  he  determined  the  princi- 
pal differences  between  it  and  air,  found  it  to 
be  heavier  than  that  fluid  ; infilled  on  its  ab- 
forption  by  water  and  the  alkalis,  proved  that 
after  having  precipitated  water  from  lime,  in 
the  form  of  chalk,  it  then  rendered  the  chalk  fo- 
luble,  indicated  the  nature  of  its  acid,  fî lowed 
that  charcoal  on  being  burned  produces  fixed 
air,  and  thus  he  became  the  moft  ardent  pro- 
pagator of  the  doctrines  of  Black.  He  likewift 
difeovered  two  other  fpecies  of  elaftic  fluids  ; 
namely,  the  muriatic  acid  gas,  and  inflamma- 
ble air,  of  which  he  determined  feveral  of  the 
properties.  This  immenfe  advancement  proved 
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the  exiftence  of  a number  of  bodies,  all  mote 
or  lefs  different  from  air  ; were  capable  of  af- 
fuming  and  prefer  vin  g the  aerial  form,  and  con- 
fequently  that,  in  the  experiments  made  previ- 
ous to  that  period,  many  produfts  had  been 
buffered  to  efcape  under  that  form,  or  under 
the  name  of  air,  of  which  the  examination  of 
the  properties  and  the  calculation  of  the  effects 
in  analyfes  and  combinations  were  undoubtedly 
of  much  importance. 

42.  The  courfe  was  thus  at  length  opened, 
to  which  all  chemifts  were  invited  for  the  pur- 
pofe  of  inveftigating  thefe  new  aeriform  pro- 
ducts, of  examining  their  differences,  their  na- 
ture, and  their  action  upon  different  fubftances, 
and  the  action  of  various  bodies  upon  them. 
The  difeoveries  relative  to  thele  fluids  foon  in- 


creafed  without  intermiffion,  and  chemiftry  was 
daily  enriched  by  new  facts  of  greater  or  lets 
importance,  on  the  nature,  difference  and  pro- 
perties of  thefe  gafoous  bodies.  Lane,  an  Eng- 
litli  chemift,  difeovered,  in  1 7 bff  that  iron  was 
foluble  in  water  impregnated  with  lixed  aim 
Smith,  again  comparing,  in  1772,  the  new  pro- 
< perties  of  flxed  air,  with  tliofe  of  common  air, 
infiffed  on  the  differences  which  diftineuithed 
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them,  and  attempted  to  clafs,  though  ftill  very 
imperfectly,  the  different  kinds  of  elaftic  fluids, 
which  he  denominated  gates,  without  however 
yet  refuting  to  believe  them  to  be  air  fnperfatu- 
rated  with  various  foreign  fubftances  : fo  much 

o 

had  this  flrff  idea,  c.onfigncd  in  the  inquiries  of 
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Hales,  tended  to  retard  the  progrefs  of  difeo- 
very  in  the  intimate  knowledge  of  the  true 
nature  of  thefe  fluids. 

43.  Dr.  Prieftley,  who  had  been  for  fome 
time  engaged  in  immenfe  feries  of  experiments 
and  inveftigations  concerning  the  gafes,  which 
he  improperly  defined  by  the  name  of  different 
fpecies  of  air,  fuddenly  enlarged  this  courfe,  by 
increafing  our  knowledge  of  the  gafeous  bodies* 
by  inventing  more  Ample  apparatus  than  had 
before  been  ufed  for  the  mere  purpofe  of 
collecting,  preferving,  and  transferring  them 
from  one  jar  to  another,  and  bringing  them 
into  contact  with  other  bodies.  Woulfe,  ano- 
ther Engliih  chemift,  had  greatly  improved 
the  operations  of  chemiftry,  by  adding  to  the 
receivers  which  were  formerly  perforated,  in 
order  that  the  fub fiance  fuppofed  to  be  air 
might  efcape,  tubes  which  communicated 
with  bottles  full  of  water,  in  which  faline  gas 
or  vapours  were  received  and  condenfed* 
Prieltley,  one  of  the  mofi  illuftrious  philofo- 
pliers  who  ever  contributed  to  the  fiock  of 
pneumatic  difeovery,  and  who  alone  difeovered 
a greater  number  of  elaftic  fluids  than  were 
known  before  or  Alice  his  time,  publilhed  in 
1772,  his  firft  work  upon  the  different  kinds  of 
air.  He  there  examined  in  ten  fedtions,  the 
fixed  air  extricated  from  beer  in  a ftate  of  fer- 
mentation, with  which  he  acidulated  water  in 
the  fame  manner  as  with  that  procured  from 
the  effervefcence  of  alkalis  ; the  air  which  has 
ferved  for  the  combuftion  of  candles,  and  for 
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refpi ration  ; that  in  which  a mixture  of  fuR 
phur  and  iron  had  been  expofed  ; that  which 

had  ferved  for  the  combuftion  of  charcoal  and 

? 

the  calcination  of  metals  ; inflammable  air,  ma- 
rine air,  and  nitrous  air.  The  mere  expofition 
of  thefe  titles  prove  that  Prieftley  had  the 
double  intention  of  determining  the  change 
produced  in  air  by  combuftible  bodies,  and  all 
the  procédés  then  called  phlogifticating,  be- 
caufe  it  was  believed  that  phlogifton  was  dif* 
engaged,  and  combined  with  air,  and  alfo  of 
determining  what  were  the  different  fpecies  of 
aeriform  fluids  obtained  in  the  numerous  expe- 
riments, in  which  a difen s;as;ement  of  thefe 
fluids  is  afforded.  Prieftley  more  particularly 
collected  the  proofs  that  thefe  gafes  were  very 
different  from  air,  and  that  it  is  neceffary  care- 
fully to  diftinguifh  them  ; and  though  he  con- 
tinued to  defer i be  them  by  the  name  of  fpecies 
of  air,  on  account  of  their  form,  he  alfo  re- 
marked that  it  was  not  neceffary  to  confider 
them  as  folutions  of  various  materials  in  the 
air  of  the  atmofphere. 

44.  Rouelle  the  younger,  had  the  fame  no- 
tion of  thefe  fluids,  when,  in  1773,  he  publifh- 
ed  in  the  Journal  of  Medicine,  a differtation 
upon  fixed  air,  on  its  folution  in  water,  its 
combination  with  iron,  on  the  air  difengaged 
from  liver  of  fulphur,  which  was  afterwards 
denominated  by  Bergmann  hepatic  gas,  and 
which  the  French  chemift  here  fpoken  of*  firff 
confidered.  as  the  mineralifer  of  fulphureous 
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waters,  fo  long  fought  after,  and  which  till 
that  time,  had  greatly  embarraffed  the  re- 
fearches  of  chemifts. 

45.  The  fame  year,  1773,  was  remarkable  on 
the  one  hand,  for  the  falfe  notion  which  lome 
chemifts  ftill  willied  to  maintain,  namely,  that 
the  different  kinds  of  fixed  air  ought  only  to  be 
confidered  as  if  air  had  undergone  fome  alter- 
ation ; for  this  clafs  of  chemifts  confounded 
under  the  name  of  fixed  air,  the  various  kinds 
of  elaftic  fluids,  which,  accoiding  to  their  doc- 
trine, were  to  be  confidered  merely  as  air  im- 
pregnated with  different  foreign  fubftances, 
though  they  exhibited  no  exadt  or  pofitive 
proof  of  this  aftertion  and,  on  the  other, 
by  the  honourable  prize  which  the  Itoyal  So- 
ciety of  London  publicly  adjudged  to  Prieftley, 
for  having  carefully  examined  the  various  kinds 
of  gas,  which  he  fcrupuloufly  diftinguifhed  from 
common  air,  and  on  which  he  had  publifhed  his 
firft  experiments,  and  communicated  to  the  fo- 
ciety  the  new  refults  which  he  propofed  to  follow 
and  improve.  The  illuftrious  Preftdent  of  this 
Society,  Pringle,  in  a very  interefting  difeourfe 
upon  the  occafton  of  the  prize  adjudged  to 
Prieftley,  repeated  all  the  difeoveries  that  had 
previoufly  been  made  upon  tliefe  new  fluids, 
and  gave  an  outline  of  the  advances  which 
the  fciences  were  entitled  to  expedl  from  fuch 
fuccefsful  beginnings. 

46.  Bergmann  removed  every  doubt  with 
regard  to  the  nature  of  fixed  air  being  differ- 
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cut  from  that  of  common  air,  in  a learned  dif~ 
fertation  puhlifhed  in  1773.  He  proved  that 
this  fixed  air  is  a real  acid,  and  he  diflinguifli- 
ed  it  by  the  name  of  aerial  acid.  Citizen  Guy- 
ton, alfo  remarked  in  1774,  that  a few  drops  of 
fulphuric  acid  in  a great  quantity  of  water, 
produced  an  imitation  of  water  acidulated  by 
the  aerial  acid. 

Bewley,  in  1773,  adopted  the  doctrine  of  its 
particular  nature,  and  defcribed  it  by  the  name 
of  mephitic  acid. 

In  the  fame  year  Chaulnes  examined  at  Pa- 
ris the  air  difengaged  in  the  vats  of  breweries. 
He  made  fome  ingenious  experiments  on  this 
fluid  before  the  Academy  of  Sciences  ; he  alfo 
difcovered  the  means  of  preparing  acidulated 
water  with  facility,  by  agitating  water  over  vats 
containing  beer  in  a ftate  of  fermentation. 

47.  Bayen,  in  1774,  publifhed  his  valuable 
experiments  on  the  reduction  of  metallic  calces 
without  addition;  he  obfervéd  that  a portion 
of  air  is  difengaged  ; and  that  phlogifton  was 
not  always  neceflary  to  efifccl  their  reduétion  ; 
he  began  to  fhow  the  little  neceffitv  and  even 
the  errors  of  the  theory  of  Stahl.  The  fame 
year,  in  the  month  of  Auguft,  Prieftley  made 
the  important  difcovery  of  vital  air,  which  he 
denominated  dephlogifticated  air  ; he  alfo  be- 
gan to  throw  conliderable  light  on  the  proceifes 
of  eudiometry. 

48.  At  this  time  chemical  difcoveries  and 
new  ideas  increafed  to  fuch  a degree  that  it 

would 


OF  CHEMISTRY. 


47 


would  be  neceffary  to  follow  them  from  month 
to  month,  in  order  to  give  an  adequate  degree 
of  information  concerning  them.  Berthollet, 
in  l/7h,  publifhed  obfervations  upon  air,  in 
which  he  fhowed  that  the  tartareous  acid  is 
changed  into  fixed  air  by  heat,  that  the  ace- 
tous acid  gives  out  much  inflammable  and  fixed 
air  during  its  decompofition  ; that  vital  air  is 
contained  in  the  acid  of  nitre,  as  well  as  in 
metallic  calx.  Bayen  proved  that  the  aerial 
acid  is  the  mineralifer  of  fpathofe  iron  ores. 

4 9.  During  this  period,  Scheele,  guided  by 
the  genius  of  chemiftry,  made  his  numerous 
and  brilliant  difcoveries  in  Sweden.  Berg- 
mann  had  difcovered  that  fugar  is  converted 
into  an  acid  by  means  of  the  nitric  acid;  and 
Scheele  proved  that  this  acid  is  the  fame  as  that 
which  exifted  in  forrel.  He  taught  us  to  dif- 
tinguifh  various  vegetable  acids,  particularly 
the  citric,  the  malic,  and  the  gallic  ; he  dif- 
covered the  metallic  acids  of  arfenic,  tungften, 
and  molybdena;  he  threw  the  greateft  light 
upon  manganefe  ; he  difcovered  the  dephlogif- 
ticated  marine  acid  ; and  he  faw  partly  the  na- 
ture of  the  volatile  alkali  and  the  pruflic  acid  ; 
and  after  having  made  a long  feries  of  experi- 
ments upon  air,  heat,  and  light,  he,  at  length, 
attempted  to  elfablifh  a general  theory  of  che- 
miftry, very  different  from  that  of  Stahl,  which 
Bergmann  adopted,  illuftrated  it  by  his  man- 
ner of  philofophizing,  and  enlarged  it  by  a 
number  of  elucidations;  but  this  theory  in- 
cluded 
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eluded  ideas  and  fuppofitions  fo  numerous  and 
lingular,  that  it  was  followed  and  adopted  only 
by  a fmall  number  of  German  chemifts. 

50.  In  England,  Prieftley  continued  his  nu- 
merous inveftigations  relative  to  the  gales, 
which  he  ftill  denominated  kinds  of  air;  he 
difeovered  the  fparry  acid  air,  and  the  fulphu- 
reous  acid  air.  The  number  and  oppofition  of 
his  experiments  however,  embar raffed  his  theo- 
retical progrefs  to  fuch  a degree,  that  he  was 
inceffant'ly  confounded  in  his  explanations. 
Macquer,  at  this  time,  perceiving  the  neceffity 
of  changing  the  general  theory  of  the  fcience, 
was  induced  to  fubftitute  light  inftead  of  phlo- 
gifton,  to  confider  it  as  precipitating  air,  and 
thus  to  combine  /the  new  with  former  difeove- 
ries  and  with  the  doctrine  of  Stahl.  In  the 
mean  time,  Bay  en,  Prieftley,  Fontana,  Berthol- 
let,  Scheele,  and  Rergmann,  continued  their 
labours  and  their  difeoveries.  Volta  deferibed 
his  ingenious  experiments  upon  the  inflammable 
air  of  marfhes,  on  its  detonation  with  vital  and 
atmofpheric  air,  on  the  manner  of  determining 
the  quantity  of  vital  air  in  the  atmofphere  by 
this  detonation.  Prieftley  difeovered  in  vege- 
tables the  property  of  ameliorating  corrupted 
air  as  he  thought  it,  or  of  actually  giving  out 
vital  air  to  the  atmofphere.  The  mephitic  or 
aërial  acid  was  difeovered  in  many  fubftances. 
Fontana  difeovered  it  in  the  malachite,  and 
Laborie  in  the  white  fpathofe  lead  ore. 
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51.  A crowd  of  diicoveries,  new  facts,  and 
curious  experiments  fucceeded  with  aftoniihing 
rapidity.  The  academical  memoirs,  the  peri- 
odical  works  and  particular  dilfertations  were 
fcarcely  capable  of  publishing’  all  the  new  fadts 
that  were  difcovered.  The  fcience  engaged 
general  attention  ; and  yet  while  it  became  en- 
riched with  innumerable  facts,  its  theory  pro- 
ceeded but  flowly  : it  even  appeared  to  lofe 
ground,  and  to  he  embarralfed  amidft  thefe  im  - 
menfe  acquifitions.  Every  chemift  had  his 
particular  theory  ; and  no  complete  fyftem  was 
to  be  found,  no  certain  connection  between 
thefe  refults  of  which  the  multiplicity  actually 
overwhelmed  the  fcience.  A man  of  an  extern 
five  mind  was  wanting,  who  might  profit  by 
this  ftate  of  uncertainty  and  indecifion,  to 
arreft  and  fix  the  progrefs  of  chemiftry.  A 
revolution  was  prepared  in  every  quarter,  but 
no  one  had  yet  undertaken  to  guide  it,  or  to 
direct  and  regulate  its  motion.  A great  change 
in  the  theory  was  necelfary,  and  it  was  in  the 
bofom  of  the  Academy  of  Sciences  at  Paris, 
that  it  was  effected  under  the  aufpices,  and  by 
the  o*enius  of  Lavoifier.  Such  was  the  fource 

O 

and  origin  of  the  French  pneumatic  doctrine, 
which  forms  the  fifth  period  that  I fliall  diftin- 
guifh  in  this  hiftorical  fketch. 
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Fifth  Period. 

* 

Foundation  of  the  Pneumatic  Fo&rine. 

59,  THOUGH  we  are  indebted  to  Lavoifier, 
for  a feries  of  important  chemical  difcoveries, 
which  would  be  fufficient  to  place  him  among 
the  flrft  philofophers  of  his  age,  yet  it  is  much 
rather  by  the  immenfe  improvements  which  he 
introduced  into  the  experiments  of  chemiftry  ; 
by  the  exactnefs  of  the  refaits  he  deduced  from 
them  ; by  the  power  of  his  genius,  which  ex- 
hibited and  laid  open  a new  courfe  ; by  the  ex- 
treme and  fevere  precifion  of  his  reafoning,  and 
in  fhort,  by  the  creation  of  a new  doélrine, 
founded  upon  all  the  facts  relative  to  elaftic 
fluids,  that  the  annals  of  the  fcience  will  con- 
fecrate  his  name  to  poflerity.  No  lefs  iliuf- 
trions  than  Stahl,  for  the  generality  of  his  no- 
tions, and  the  profundity  of  his  views,  more 
fortunate  than  him  by  the  nature  of  the  labours 
of  his  age,  which  approached  more  nearly  to  the 
truth,  he  was  the  chief  of  that  fchoo]  which  by 
cleftroying  all  the  errors  of  thofe  that  had  pre- 
ceded it,  was  deftined  to  raife  an  unperithable 
monument  to  nature  by  the  eftabiiflnnent  of  the 
prench  pneumatic  doctrine, 

53.  Known  and  efteeined  by  philofophers 
fitice  the  year  17b8,  for  a number  of  extenfive 
and  extremely  accurate  philofophieal  experh 

xnents, 
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merits,  he  ardently  embraced  the  new  difcove- 
ries  made  in  England  and  Germany  upon  fixed 
air  and  the  elaftic  fluids  ; he  repeated  all  the 
experiments  of  Black  and  others  in  1771  and 
1772,  and  publiihed  at  the  beginning  of  1774 
his  firft  work  intitled  : u Nouvelles  recherches, 
&c.  New  inquiries  relative  to  the  exiftence  of 
an  elaftic  fluid  in  fevered  fubftances,  and  ob- 
ier va  cions  on  the  phenomena  which  refult  from 
its  difengagement  or  its  fixation.”  In  this  firft 
work,  which  was,  as  it  were,  only  a trial  of  his 
powers,  and  a {ketch  of  the  immenfe  labours 
he  had  projected  and  even  then  commenced,  he 
{bowed  how  great  a degree  of  precifion  might 
be  attained  in  chemical  experiments  : by  pur- 
filing  the  fixed  air  of  Black  in  its  fixation, 
its  difengagement,  its  tranfition  from  one  body 
to  another,  he  afcertained  the  quantity  difen- 
gaged  or  fixed  ; he  proved  that  it  is  difengaged 
during  the  reduction  of  metallic  calces  with 
charcoal,  he  announced  that  a portion  of  air  is 
fixed  in  metals  during  their  calcination,  by 
which  their  weight  is  augmented  ; he  fufpeCt- 
ed  that  charcoal  entered  into  the  compofition 
of  fixed  air,  the  denomination  of  which  he  re- 
jected in  order  to  employ  the  Ample  terms  elaf- 
tic fluid  : he  examined  the  properties  of  water 
impregnated  with  this  fluid  ; he  proved  that 
phofphorus  in  burning,  and  becoming  an  acid, 
àbforbs  one  fifth  of  the  bulk  of  the  atmofphere, 
or  twice  its  own  weight  of  a fubftance  exifting 
in  the  air  ] that  water  does  not  contribute  to 

this 
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this  phenomenon  ; that  the  air  which  was  ab- 
forbed  appeared  to  be  fpecifically  heavier  than 
the  air  itfelf.  This  work  was,  in  fact,  only  a 
fummary  of  all  the  ideas  and  new  facts  which 
he  intended  to  publifh  at  a future  period. 

54.  Scarcely  had  Lavoifier  publifhed  this  firfl 
production,  when,  aware  of  the  extenfive  en- 
gagement he  was  under  with  the  learned  world, 
lie  prepared  all  the  materials  that  were  neceffary 
to  enable  him  to  purfue  his  new  career,  and  to 
accomplifh  the  great  objects  which  he  had  in 
view  : accurate  implements,  numerous  labora- 
tories, learned  communications,  all  were  united 
in  the  place  of  his  refidence,  for  the  comple- 
tion of  his  views. 

In  1 77%  he  gave  a memoir  upon  the  com- 
buttion  of  the  diamond,  in  which  he  made  it 
appear  that  there  is  a remarkable  fimilarity  be- 
tween the  combuftion  of  this  body  and  that  of 
charcoal,  a refemblance  which  has  been  ftrongly 
confirmed  fince  that  period. 

In  1774,  he  defcribed  the  calcination  of  tin 
in  clofe  vetfels,  the  increafe  of  its  weight  cor- 
refponding  to  the  lofs  of  weight  of  the  air  in 
the  veffels  in  which  he  made  the  experiments  : 
he  ftated  that  this  operation  conftitutes  an  ana- 
lyfis  of  air,  by  abforbing  the  refpirable  part, 
and  leaving  the  non-refpirable  part,  which  he 
denominated  atmofpheric  mephitis. 

In  1775,  he  explained  the  nature  of  the 
aerial  principle  fufceptible  of  combining  with 
metals,  and  increafing  their  weight  during  cal- 
cination ; 
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cination  ; lie  reprefented  it  as  the  1110ft  refpirable, 
part  and  proved  that  by  heating  precipitate  per 
fe  with  charcoal,  which  fir  ft  when  heated  alone, 
afforded  the  only  refpirable  air,  he  obtained 
fixed  air,  which  was  not  contained  in  the  pre- 
cipitate, and  in  the  formation  of  which  the 
charcoal  aftifted. 

In  177b,  his  attention  was  direded  to  the 
exiftence  of  air  in  the  nitrous  acid,  as  well  as 
to  the  decompofition  and  recompofition  of  that 
acid.  After  having*  oblerved  that  phofphorus 
and  fulphur  abforb  one-fifth  of  their  bulk  of  air, 
on  burning,  that  by  this  abforption  they  be- 
come acids,  he  afferted  that  the  fame  effedl 
takes  place  with  refpect  to  the  acid  of  nitre  ; 
that  it  contains  air  like  the  preceding;  that 
the  acids  differ  from  each  other  only  by  the 
bafe  which  is  combined  with  air;  that  acidity 
might  be  taken  from  or  given  to  them,  by  the 
privation  or  addition  of  air  ; that  the  metals  by 
being  diffolved  in  the  acids,  deprived  them  of 
this  air,  and  caufcd  a difengagement  of  diffe- 
rent elaftic  fluids  ; that  mercury  might  thus  be 
employed  in  the  analyfts  of  acids.  He  parti- 
cularly acquainted  the  academy  with  the  ana- 
lyfts  of  the  nitrous  acid  by  this  new  method  ; 
with  the  difference  between  the  two  acids  of 
nitre,  according  to  the  refpeéfive  proportion 
of  the  two  principles,  refpirable  air  and  nitrous 
air,  of  which  he  fhowed  the  compofition.  He 
ihowed  that  phlogifton  is  of  110  ufe  in  this  ex- 
planation, 
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planation,  and  might  therefore  be  difpenfed 
with. 

55.  The  year  1 777  was  the  real  period  of  the 
glory  of  Lavoifier,  by  the  creation  of  the  pneu- 
matic doétrine  ; by  the  numerous  diftertations 
which  he  publifhed  ; by  the  new  facls,  the  re- 
fill ts  of  which  he  connected  ; by  the  attacks 
which  he  made  on  the  theory  of  phlogifton  ; by 
the  force  and  the  multiplicity  of  proofs  which 
he  accumulated  for  the  propagation  of  his  new 
doétrines,  all  founded  upon  accurate  experi- 
ments. It  was  in  the  courfe  of  this  memorable 
year,  to  which  he  himfelf,  in  his  fubfequent 
produélion,  referred  as  the  time  of  the  origin 
of  the  pneumatic  doétrine,  that  he  fucceffively 
prefented  the  eight  following  memoirs. 

a.  On  the  phenomena  and  refaits  of  the 
combuftion  of  phofphorus  ; he  here  proved  that 
atmofpheric  is  compofed  of  one-fourth  of  pure 
air  and  three-fourths  of  mephitis. 

b . On  refpiration.  He  compared  this  func- 
tion to  the  combuftion  of  mercury,  fhowed  that 
air  corrupted  by  refpiration  extinguifhes  a can- 
dle, renders  lime-water  turbid,  is  loaded  with 
fixed  air,  which  he  denominated,  with  Bucquet, 
cretaceous  acid  ; and  that  there  is  a dcftruéÜon 
of  vital  air  ; a feparation  and  infulation  of  at- 
mofpheric mephitis,  and  a formation  of  creta- 
ceous acid,  as  in  combuftion. 

c . A memoir  on  the  combuftion  of  candles 
in  common  air,  and  air  eminently  refpirable  ; 
he  ihowed  that  the  air  was  not  perceptibly  di- 
mini died 
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minifhed  in  bulk  ; that  one  tenth  was  changed 
into  cretaceous  acid  ; that  phofphorus  after- 
wards deprived  it  of  additional  refpirable  air, 
though  there  was  left  a portion  of  0,0 5,  which 
pyrophorus  alone  could  abforb. 

d.  A memoir  of  the  folution  on  mercury  in 
the  vitriolic  acid,  and  the  decompofition  of  the 
latter  into  fulphureous  acid  gas,  and  into  air  emi- 
nently refpirable.  Pie  proved  particularly  that 
the  fulphureous  acid  is  vitriolic  acid,  deprived 
of  part  of  its  air. 

e.  A memoir  on  the  combination  of  alum 
with  carbonaceous  fubftances,  and  on  the  for- 
mation of  pyrophorus.  He  fhowed  how  atmof- 
pheric  air  was  affeéted  by  this  combuftible  body, 
which  changes  all  its  pure  air  into  cretaceous 
acid. 

f.  On  the  vitriolifation  of  pyrites  ; he  prov- 
ed that  this  phenomenon  arifes  from  the  ab- 
forption  of  refpirable  air.  It  was  in  this  me- 
moir that  he  began  to  attribute  flame  and  heat 
to  the  matter  of  fire  difengaged  from  refpirable 
air,  in  proportion  as  it  became  fixed  in  combuf- 
tible  bodies. 

g.  A memoir  on  the  combination  of  the  mat- 
ter of  heat  with  evaporable  fluids,  and  on  the 
formation  of  elaftic  fluids  : he  began  to  gene- 
ralife  his  ideas  refpe6ting  the  nature  of  heat, 
its  two  ftates,  evaporation,  the  cooling  which 
accompanies  it,  the  heat  which,  on  the  contra- 
ry, follows  the  fixation  of  elaftic  fluids,  and  to 
define  the  gafes  as  folutions  of  volatile  bodies 

in. 
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in  the  matter  of  heat  : — -ideas  which,  though 
formerly  taught  by  Black,  were  ftill  but  little 
known  in  France,  and  tended  to  facilitate  the 
introduction  of  all  the  other  data  cf  Lavoifier. 

h.  A memoir  on  com  bullion  in  general.  Af- 
ter having*  obferved  that  the  theories  in  natural 
philofophy  are  nothing  elfe  but  methods  of  ap- 
proximation, he  prefented  with  much  order  and 
elearnefs,  the  phenomena  of  all  comhuftible  bo- 
dies, he  reduced  them  to  four  genera,  infilled 
upon  acidification  being  their  moft  confiant  pro- 
duce, and  upon  the  poffibility  of  accounting 
for  them  all  by  the  mere  fixation  of  the  bafe  of 
pure  air,  without  having  recourfe  to  the  plilo- 
gillon  of  Stahl,  or  to  the  difengagement  of 
light,  which  had  juft  been  fubftituted  by  Mac- 
quer,  though,  without  dellroying  all  the  ob- 
jections and  all  the  difficulties,  which  necefla- 
rily  followed  the  admilfion  of  this  hypothetical 
principle. 

56.  In  1778,  Lavoifier  publifhed  General 
confiderations  on  the  nature  of  acids,  and  the 
principles  of  which  he  conceived  them  to  he 
compofed.  In  this  treatife,  for  the  firfl  time, 
he  denominated  the  bafe  of  pure  air,  the  oxidi- 
fying  principle,  or  oxigen,  and  proved  that  it 
is  contained  in  all  the  acids.  He  applied 
this  theory  to  the  formation  of  acid  of  fugar, 
the  difcovery  of  which,  due  to  Bergmann  two 
years  before,  began  to  make  fome  noife  in 
France.  He  announced  that  this  new  principle 
of  the  acids  might  be  employed  in  the  analyfis 

of 
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of  animal  and  vegetable  fubftances  ; that  char- 
coal appeared  to  exift  ready  formed  in  vegeta- 
bles, and  that  innumerable  applications  relative 
to  the  adlion  of  oxigen  in  molt  chemical  ope- 
rations and  phenomena,  might  be  fucceffively 
made. 

57.  In  1780  he  publifhed  three  memoirs 
which  threw  a new  light  upon  the  dodtrine, 
for  the  eftablifhment  of  which  he  laboured  with 
extreme  ardor  for  three  years  : by  firft  apply- 
ing to  the  examination  of  fuch  fluids  as  could 
be  obtained  in  the  aeriform  ftate,  at  a degree 
of  heat  little  greater  than  the  mean  tempera- 
ture of  the  earth.  He  proved  that  our  terref- 
trial  atmofphere  is  formed  of  bodies  which,  at 
the  known  temperature  and  preffure  are  capable 
of  preferving  the  aeriform  ftate;  that  if  the 
earth  were  nearer  to  the  fun,  alcohol,  ether, 
and  even  water,  would  form  a part  of  the  at- 
mofphere ; and  that,  on  the  contrary,  if  it  were 
at  a greater  diftance  from  that  luminary,  water 
and  mercury  would  be  folid  ; that  the  three 
ftates  of  folidity,  liquidity,  and  gafeity,  depend 
on  the  different  proportions  of  fire  combined  in 
bodies  ; and  that  the  elaftic  fluids  being  ar- 
ranged according  to  their  fpecific  gravity,  it  is 
evident  that  the  upper  regions  of  the  atmo- 
fphere muft  be  occupied  by  inflammable  gafes, 
and  are  therefore  the  place  of  luminous  and 
combuftible  meteors. 

In  the  fame  year,  1780,  he  fhewed  the  me- 
thod of  converting  phofphorus  into  phofphoric 

acid, 
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acid*  by  means  of  the  acid  of  nitre,  and  proved 
that  this  converfion  is  effected,  in -confequence 
of  the  attraction  between  phofphoms  and  the 
oxigen  contained  in  the  acid  of  nitre  being 
ftronger  than  that  between  this  principle  and 
nitrous  gas. 

It  was  likewife  in  178 0 that  he  published  his 
ingenious  and  ufefui  experiments  on  heat, 
which  were  made  in  conjun6tion  with  La  Place, 
the  inventor  of  the  inftrument  for  afcertaining 
the  quantity  of  heat,  and  on  that  account  de- 
nominated the  calorimeter.  They  fhowed  that 
though  the  real  quantity  of  heat  contained  in 
each  body,  or  the  fpecific  heat,  is  a problem 
not  yet  refolved,  yet  it  may  neverthelefs  be 
determined  what  is  the  relative  quantity  of  this 
principle  inherent  in  bodies  under  like  condi- 
tions, and  between  comparable  limits.  They 
ingenioufly  applied  this  calometric  method  to 
the  quantities  of  heat  difengaged  in  the  com- 
buftion  of  phofphorus,  of  charcoal,  in  the  for- 
mation of  the  acid  of  nitre  by  pure  air  and  ni- 
trous gas,  and  in  refpiration  ; they  drew  from 
it  important  corollaries  relative  to  inflamma- 
tions and  detonations  with  nitre,  to  the  nature 
of  the  blood  which  abforbs  charcoal  by  the  ef- 
fect of  circulation,  and  thus  depofits  heat,  by 
which  a confiant  temperature  is  fupported  in 
the  regions  at  a diftance  from  the  lungs. 

58.  The  year  1781  w as  a remarkable  epocha 
in  the  feries  of  the  refearches  of  Lavoifier,  by 
the  memoir  which  he  publifhed  on  the  forma- 
tion 
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tion  of  the  cretaceous  acid,  the  nature  and  com- 
pofition  of  which  he  had  before  only  fufpebted, 
The  coincidence  of  a great  number  of  accurate 
experiments  induced  him  to  aller  t,  as  a fadt 
well  afcertained,  that  this  acid  is  cdmpofed  of 
0,28  parts  of  charcoal,  and  0,72  of  vital  air,  or 
rather  of  what  he  had,  three  years  before,  deno» 
minated  the  oxigen  principle.  From  that  time 
he  therefore  diftinguillied  this  acid  by  the 
denomination  of  carbonaceous  acid,  or  acid  of 
charcoal.  In  this  manner  it  was  that  he  com- 
pletely explained  the  produdlion  or  difengage- 
ment  of  fixed  air  in  the  reduction  of  metallic 
calces  by  means  of  charcoah 

In  1782,  he  ardently  purfued,  in  feveral  me- 
moirs, the  application  of  his  new  doctrine  to 
feveral  phenomena  of  chemiftry,  which  he  had 
not  before  treated,  or  at  leaft  but  fuperficially. 
He  defcribed  the  method  of  greatly  increaung 
the  adtion  of  fire  and  heat,  by  a current  of  vi- 
tal air  ; he  defcribed  the  effects  of  this  new 
method  on  a great  number  of  bodies,  particu- 
larly platina  and  the  cry  ft  al  gems.  He  confi- 
dered  the  combination  of  nitrous  gas  with  dif- 
ferent refpirable  airs  with  regard  to  their  rela- 
tive falubrity,  and  fhowed  that  the  proportion 
of  vital  air  to  that  of  the  refpirable  fluids  could 
not  be  afcertained  by  this  method. 

He  prefen  ted  to  the  academy  feme  general 
con fiderat ions  on  the  folution  of  metals  in 
acids;  on  the  calcined  ftatc  of  thofe  metals  in 
You  I.  E inch 
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fnch  folutionsj  and  on  the  gas  proceeding  from 
the  acids  during  the  procefs  of  folution.  Thefe 
were  fucceeded  by  remarks  on  the  precipitation 
of  metals  by  each  other,  in  which  he  lhowed 
that  it  is  by  the  affinity  of  thefe  bodies  to  the 
oxigen  principle,  that  they  are  thus  feparated 
from  the  a es,  that  which  is  diffolved  giv- 
ing out  this  principle  to  the  other,  which  af- 
firmes its  place,  while  the  former  is  depofited 
in  the  metallic  form.  He  even  attempted  to 
eftimate,  by  this  procefs,  by  repeating  the  ex- 
periments of  Bergmann,  the  quantity  of  oxi- 
gen  contained  in  each  metal  united  with  an 
acid  in  the  fate  of  calx. 

In  the  fame  year  he  proceeded  ftill  farther  in 
the  hiftory  of  the  combinations  of  oxigen,  by 
endeavouring  to  determine  the  order  of  its  affi- 
nities for  the  different  bodies  to  which  it  is 
capable  of  being  united.  He  followed  it  in 
twenty-five  different  compounds,  which  he 
placed  in  their  refpeétive  order  of  attraction, 
with  regard  to  this  principle,  according  to  the 
method  adopted  for  the  conffmCtion  of  the  tables 
of  affinities. 

In  another  memoir  he  defer i bed  the  various 
combinations  of  oxigen  with  iron,  according  to 
its  fevcral  proportions,  and  the  different  Hates 
of  the  calces  of  this  metal.  He  in  lifted  on  the 
difference  between  the  properties  produced  by 
the  diverfity  of  the  proportions  of  this  princi- 
pic. 
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59.  It  was  during  the  years  1783  and  1784 
that  he  in  feme  degree  completely  eltablilhed 
his  new  doCtrine,  by  at  once  extending  its  ap- 
plications, and  generalizing  its  principles,  by 
making  known  to  the  learned  world  the  faCts 
relative  to  the  decomposition  and  recomposition 
of  water.  This  brilliant  difcovery,  which  had 
fo  many  prejudices,  fo  many  obstacles  and  an- 
cient errors  to  overcome,  had  been  fufpeCted  by 

Citizen  La  Place,  and  was  already  far  advanced 

' */ 

by  Citizen  Monge,  when  Lavoifier  expo-fed  it 
in  the  cleared  light  by  the  accurate  experi- 
ments which  he  published,  by  the  ingenious 
machines  which  he  employed  in  conjunction 
with  Meunier,  who  gloriously  died  in  the  fervice 
of  the  Pvepublic,  while  defending  Mentz,  and 
by  the  important  conclusions  he.  had  begun  to 
deduce.  Hence  he  explained  the  Source  of 
that  inflammable  gas,  which  is  obtained  during 
the  folution  of  feveral  metals  in  acids,  and 
during  the  decompo.fition  of  vegetable  fub- 
ftances  ; lie  explained  how  and  in  what  in- 
stances water  burns  combuftibie  bodies,  or  in- 
creafes  their  combuftion  when  once  began  ; 
how  it  effeCls  the  calcination  of  metals  ; and 
how  this  fluid  is  decomposed,  or  formed  in  a 
great  number  of  chemical  operations. 

60.  The  difcovery  of  the  nature  of  water 
opened  a new  field  for  other  fuccefiive  discove- 
ries, which  Lavoifier  continued  to  make  for  fe- 
‘veral  fuccefiive  years;  particularly  on  the 
abundance  of  water,  furnished  by  Spirit  of  wine 
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and  oils  in  colnbuftion  ; the  production  of  the 
carbonic  acid  bv  water,  brought  in  contact 
with  ignited  charcoal  : on  the  water  formed  bv 
the  combuftion  of  charcoal,  which  fo  frequent- 
ly retains  one  of  the  principles  of  this  liquid  in 
its  combfnation  ; and  on  the  decompofition  of 
water  which  takes  place  in  all  vegetable  fub- 
ftances,  when  expofed  to  high  temperatures. 

At  the  fame  time  that  he  purfued  all  thefe 
fortunate  applications  of  the  laft  capital  dif- 
covcry  on  the  nature  of  water,  from  1783  to 
the  end  of  1786,  he  conceived  it  neceffary  again 
to  attack,  by  powerful  arguments,  published  in 
feverat  memoirs  during  this  period,  thefe  mo- 
difications which  had,  for  fome  years,  been  in- 
troduced into  the  doctrine  of  Stahl,  by  fhowing 


that  a number  of  different  phlogiftons  bad  been 
admitted,  contrary  to  the  opinion  of  that  ce- 
lebrated chemilt,  and  alfo  the  new  theory  of 
Scheefe  and  Bergmann,  by  proving  that  their 
opinion  on  the  pretended  union  of  phlogifton 
with  vital  air,  to  form  heat,  admitted  fuppofi- 
tions  without  number,  and  hypo thefes  deprived 
of  all  foundation  and  proof. 

61.  Thus  did  Lavoifier,  by  the  uninterrupted 
labour  of  fifteen  years,  bv  fucceffive  difeove- 

<fc/  J <v 

l ies,  by  more  exact  and  precife  refearches  than 
any  that  had  before  been  made  in  chemiftry, 
and  even  by  availing  himfelf  of  all  the  difeo- 
verics  of  other  chemiffs  and  philofophers  of  his 
time  refpedting  the  elaftic  fluids,  re-examine  all 
the  foundations  of  the  feience,  regenerate  all 
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its  parts  : and,  after  having  treated  at  length  on 
combuftion  in  general,  on  the  calcination  of 
metals,  on  the  analyfis  of  air,  on  the  nature, 
the  formation,  and  the  decompofition  of  acids, 
pn  metallic  folutions,  on  the  compaction  of 
water,  on  the  analyfis  of  vegetables,  on  fer- 
mentation, refpiration,  &e.  objedts  which  em- 
brace the  whole  fcience  of  chemiftry  ; he,  bv 
this  means,  eftablilhed  the  durable  monument 
of  the  pneumatic  doctrine,  by  hating  the  bale 
of  vital  air,  which  he  had  defined  by  the  name 
of  oxigen,  to  act  the  molt  important  part  in  all 
the  phenomena  of  nature  and  art. 


Sixth  Period. 

Confolidation  of  the  Pneumatic  Do  chi  ne  ; methodical 

Nomenclature. 

fâ.  IT  is  eafv  to  conceive  that  fo  great  a 
change  as  that  effected  by  La  voilier, — fuch  an 
aftonilhing  reverfe  of  ideas  and  principles,  could 
not  be  eftabliflied  in  the  learned  world  without 
meeting  with  great  oppofition,  and  many  ob- 
jections. Moft  chemifts  and  philofophers  at 
lirft  doubted  the  bales  of  the  theory  propofed 
by  their  cotemporary;  and  the  whole  body  of 
chemifts  notwithftanding  his  experiments  and 
new  refaits,  continued  to  adopt  the  doctrine  of 
phlogifton  from  1 777  to  1787,  and  to  modify 
fome  parts  of  it  only,  according  to  the  ex- 
ample 
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ample  of  Macquer.  But,  after  the  difcovery 
of  the  nature  of  water,  thofe  who  had  atten- 
tively followed  the  courfe  and  progrefs  of  La- 
voider,  began  to  coincide  with  him,  and  to 
think  that  the  hypothecs  of  phlogifton  fo  far 
from  being  neceffary  to  explain  the  phenomena 
of  chemiftry,  is  in  truth  detrimental,  and  tends 
to  embarrafs  the  theory. 

63.  One  of  thofe  who  were  mod:  affiduous 
among  the  French  chemifts,  and  whofe  experi- 
ments approached  neared  to  the  refaits  obtained 
by  Lavoifier,  was  Citizen  Berthollet,  who,  after 
having  difcovered  the  real  nature  of  the  pre- 
tended dephlogifticated  marine  acid  difcover- 
ed by  Scheele,  of  the  volatile  alkali,  fulminating 
gold,  fulminating  filver,  as  well  as  the  influence 
of  the  oxigen  principle  in  the  difcolouring  of 
vegetable  fubftances,  the  çondenfation  of  oils, 
& c.  was  the  fir  ft  who  folemnly  renounced  the 
phlogiftic  doctrine  in  1785,  and  adopted  with 
ardor  and  attachment  the  dcdrine  of  Lavoifier, 
which  he  foon  applied  for  explaining  all  the 
phenomena  which  he  continued  to  obferve  and 
defcribe  in  his  numerous  in veftigations. 

64.  At  the  fame  time  feveral  illuftrious 
geometers  and  natural  philofophers  of  the  Aca- 
demy of  Sciences  at  Paris,  as  Condorcet,  La 
Place,  Coufin,  Monge,  Coulomb,  and  Dionis, 
who  zealpufly  attended  the  learned  converfa- 
tions  held  at  the  houfe  of  Lavoifier,  where  they 
were  witneffcs  of  his  experiments,  and  encou- 
raged his  efforts,  were  decidedly  in  favour  of 
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his  dodtrine,  and  found  his  method  of  reafoning 
far  fuperior  to  that  which  had  previoufly  been 
adopted  in  chemiftry  ; fo  that  this  dodhine  foon 
became  that  of  mod:  of  the  members  of  the 
academy,  who  propagated  and  illuflrated  it,  by 
defending  it  on  every  occafion  again  ft  thole 
who  attacked  it  even  with  a kind  of  exafpera- 
tioiL 

65.  About  the  clofe  of  the  year  1786  Ci- 

V- 

tizen  Guyton  Morveau,  who  came  to  Paris 
to  witnefs  the  1 at  eft  experiments  of  La  voider 
and  Berthollet,  became  convinced  of  the  truth 
of  their  dodtrine  by  the  exahtnefs  and  purity  of 
their  experimental  relui ts.  In  the  midft  of 

this  great  movement,  which  I myfelf  had  con- 
fidered  with  attention  for  upwards  of  ten  years, 
though  till  this  period  I had  contented  myfelf 
with  being,  in  the  two  firft  editions  of  my  Ele- 
ments of  Chemiftry,  (imply  the  hiftorian  of  the 
two  theories  which  at  that  time  divided  all  the 
chemifts  of  Europe,  I followed  the  example  of 
Citizens  Berthollet  and  Guyton.  I entirely 
renounced  the  hypothefis  of  phlogifton,  and 
adopted  in  its  whole  extent  the  pneumatic  doc- 
trine of  Lavoifier.  I taught  that  doctrine  alone 
in  my  lectures  ; I inferted  it  in  my  book  and  in 
my  diflertations  ; and  at  that  period  the  French 
fchool  was  eftabl, idled,  which  foreigners  deno^ 
minated  Antiphlogiltian,  and  of  which  the 
* moft  illuftrious  philofophers  in  Europe  fpeedily 
adopted  either  all  the  data  or  at  leaft  the  whole 
of  its  principal  hades. 


66,  United 
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66.  United  by  difpofition,  by  our  opinions 
and  our  purfuits,  Lavoifier,  Guyton,  Berthob 
let,  and  inyfelf,  were  aware  that  the  révolu* 
tion  effected  in  ehemiftry  demanded  of  us,  in 
order  that  it  might  be  prefented  in  a complete 
ilate,  and  with  the  clearnefs  of  the  principles  it 
had  acquired,  a change  in  its  nomenclature. 
Jn  fact,  the  ancient  terms,  invented  by  obfcure, 
myfterious,  credulous,  or  enthufiaftic  indivi- 
duals, or  in  the  ages  of  ignorance  and  bar  bar 
rifm,  or  with  intentions  totally  oppoiite  to  thole 
of  a methodical  feience,  without  any  connect 
tion  or  coherence  between  them,  in  many  in-» 
fiances  founded  upon  prejudice,  errors,  or  opb 
nions  more  or  lefs  ridiculous,  compofed  an 
unintelligible  language,  which  prefented  to  the 
mind  and  the  imagination,  no  relation  with  the 
things  or  fadts  it  was  intended  to  reprefent. 
We  perceived  the  necelhty  of  creating  a nomen- 
clature entirely  new,  which  fliould  be  eftablifh- 
ed  upon  the  truths  lately  difcovered,  and  free 
from  every  thing  of  an  arbitrary  or  hypotheti- 
cal nature,  as  well  as  of  every  objedt  foreign  to 
chemical  knowledge.  To  the  oxigen  of  La- 
voifier  we  gave  the  name  of  oxigen  to  render 
it  more  fuitable  to  the  genius  of  the  French 
language  ; to  the  inflammable  principle  of  wa- 
ter and  of  all  the  combuftible  vegetable  com- 
pounds  we  gave  the  name  of  hidrogen  ; to  the 
bale  of  the  non-refpirable  fluid  of  the  atmo- 
fphere  we  give  the  name  of  azote  : thefe  are 

the 


OF  CHEMISTRY.  6j 

die  only  words  really  new  which  have  been  thus 
introduced  into  the  fcience. 

67 . To  all  the  acids,  in  like  hates,  we  gave 
a fimilar  termination  ; to  bodies  combined 
with  oxigen  without  becoming  acids,  we  gave 
the  general  denomination  of  oxides.  The 
combinations  of  Ample  combultibles  with 
earthy,  alkaline,  and  metallic  bafes,  alfo  receiv- 
ed an  identical  termination.  We  employed 
with  great  advantage  a Ample  variation  in  the 
terminations  of  words,  to  denote  combinations 
which  are  analogous  in  their  nature.  Our 
words  all  became  fufceptible  of  taking,  when 
necelfary,  the  charaéter  of  fubftantives,  adjec- 
tives, or  verbs.  Subftances  fimilar  in  their  na- 
ture, were  defigned  by  words  of  the  fame  gen- 
der ; all  the  alkalis  and  earthy  bodies  received 
names  of  the  feminine  gender;  all  the  metals 
inafculine  : thus  we  prefixed  the  French  article 
le  to  platina  and  manganefe,  as  well  as  to  the 
names  of  lead,  iron,  copper,  zinc,  & c.  Accord- 
ing to  this  method  of  fyftematic  denomination, 
the  numerous  clafs  of  laits  became  more  eafy  to 
be  difpofed  with  regularity,  to  be  claifed  with 
method,  and  to  be  diftinguifhed  even  to  their 
fpecies  ; fo  that,  far  from  the  apprehenfion  that 
it  might  no  longer  be  poAible  to  retain  them  in 
the  memory,  with  their  comparative  qualities, 
as  the  names  of  men  or  fpecific  properties  which 
had  been  given  to  them  gave  reafon  to  enter- 
tain, it  was  foon  found  that  this  new  lano’uaoe 
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facilitated  in  a Angular  degree  their  ftudy  and 

their 
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their  claffification.  Such  was  the  courfe  we 
followed  in  this  undertaking,  and  fuch  is  the 
ground  of  the  title  it  has  defervedly  received, 
of  a methodical  fyftem  of  nomenclature. 

68.  An  incalculable  advantage  likewife  fud- 
denlv  refulted  from  this  work  which  had  be- 
come.fo  urgent  and  fo  neceffary.  As  we  were 
obliged  to  prefen t in  a hngle  table,  the  repre- 
fentation  of  a great  number  of  bodies  which 
began  to  be  known  in  chemifry,  the  produc- 
tions of  nature  and  art  thus  became  clalfed  ac- 
cording to  a method  entirely  different  from  that 
which  had  been  before  adopted.  All  the  ele- 
ments of  the  fcience  were  exhibited  in  this 
table,  and  fudents  derived  fo  much  advantage 
from  this  new  claffification  of  objects  fo  faith- 
fully reprefented,  and  as  it  were  delineated  be- 
fore their  eyes,  and  rendered  ftriking  to  the 
imagination  by  the  nomenclature,  that  the 
ftudy  of  the  fcience  became  as  eafy  and  Ample 
as  it  had  before  been  complicated  and  difficult. 

69.  The  pneumatic  dodtrine  thus  adopted, 
and  propofed  to  the  learned  world  by  the  re- 
union of  the  French  chemifts  abovementioned, 
foon  caufed  the  greateft  fenfation,  and  threw  a 
great  light  among  all  nations  in  which  che~ 
mi  fry  is  cultivated.  The  nomenclature  in 
which  the  foundations  of  the  fcience  were 
traced  out,  was  fpeedily  tranflated  into  all  lan- 
guages. In  order  to  render  if  not  the  exprel- 
fions, , at  leaf  the  ideas  of  the  original;  the 
idioms,  converfons,  and  particular  arranger 
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ments  required  by  the  genius  of  each  language 
were  adopted  ; and  though  the  pneumatic  doc- 
trine, for  feveral  years  after  1787,  the  date  of 
its  confolidation,  met  with  fome  antagonifts  and 
opponents  in  England  and  Germany,  it  alfo 
obtained  ftrong  partifans,  ikilful  and  zealous  de- 
fenders in  thofe  countries,  fo  that  it  foon  be- 
came generally  extended  throughout  Europe. 

70.  In  England,  the  celebrated  Cavendiih, 
Kirwan,  Nicholfon,  Pearfon,  Tennant,  &c.  ; at 
Edinburgh,  the  iiluftrious  Black,  the  chief  and 
the  Neftor  of  this  great  chemical  revolution; 
in  Italy,  Dandolo,  Volta,  Venturi,  Spallanzani, 
&c.  ; in  Germany,  Girtanner,  Klaproth,  Hum- 
boldt, Hermbftædt,  Scherer,  Schmeiffer,  &c.  ; in 
Holland,  Deyman  Van  Trooftwyck,  Lauweren- 
burg,  &c.  ; in  Spain,  Proud,  Chabanon,  Are- 
zula  ; every  where,  in  a word,  where  this  ex- 
cellent feience  is  cultivated,  the  fchools  either 
profefs  no  other  theory  than  the  pneumatic  doc- 
trine, or  have  adopted  its  principal  fundamental 
points;  and  though  fome  ikilful  profeffors,  fuch 
as  Gren,  Richter,  Gottling,  & c.  have  continued 
to  combine  with  it  a fmall  portion  of  the  an- 
cient phlogiftic  theory,  the  latter  emits  only  a 
pale,  feeble,  and  expiring  gleam  in  the  prelence 
of  the  brilliant  illumination  of  the  pneumatic 
doctrine.  I do  not  here  fpeak  of  the  fucccfs- 
ful  applications  which  are  inceffantly  made  of 
this  doétrine  to  all  the  arts  and  fciences  ; the 
different  branches  of  chemiftry  which  I have 
diftinguifhed  in  the  preceding  article,  are  luf~ 

ficient 
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ficient  to  fhow  how  greatly  we  are  indebted  to 
this  doctrine,  and  how  much  we  have  ftill  to 
hope  from  its  energies. 


Article  IV. 

On  the  chemical  Nature  of  Bodies , and  the  Principles 
which  Chemifls  have  admitted  into  their  Compojition . 

1.  CHEMISTS  have  long  directed  their 
whole  exertions  and  inquiries  to  the  decompo- 
fition  of  bodies,  in  order  to  afcertain  their  ele- 
ments or  conftituent  parts.  Hence  it  was  very 
natural  that  they  fliould  form  particular  no- 
tions or  fyftems  refpecting  the  principles  which 
compofed  them.  Many  experiments  have  been 
neceffary  and  more  particularly  a method  of 
reafoning  and  pliilofophifing*  with  great  accu- 
racy and  precifion,  before  thofe  pofitive  notions 
on  this  objedt  could  be  acquired,  which  the 
fcientific  world  has  pofleffed  for  the  lait  twenty- 
years. 

2.  Thus  the  early  chemifts,  not  content  with 
the  opinions  of  the  ancient  philofophers  refpeH- 
ing  the  elements  of  bodies  and  more  particularly 
that  of  Ariftotle  on  the  four  elements,  being 
alfo  defir ous  of  efiablifhing  a particular  fchool 
and  fyltems  in  fome  meafure  appropriated  to 
the  nature  of  their  works  and  experiments,  ad- 
mitted five  principles  in  the  time  of  Paracclfus. 
To  every  thing  volatile  and  odorant  they  gave 

the 
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the  name  of  fpirit  or  mercury;  fulphur  or  oil 
denoted  every  thing  inflammable;  phlegm  or 
water,  every  infipid  fluid  ; earth,  all  that  which 
is  dry^  infipid,  fixed  and  infoluble;  fait,  every 
thing  which  is  fapid  and  foluble.  A diftincfion 
of  this  nature  could  not  long  endure,  becaufe 
on  the  one  hand,  fire  and  air  were  overlooked, 
and,  on  the  other,  the  name  of  principles  was 
given  to  compound  matters,  fuch  as  fpirits  and 
faits. 

3.  Becher,  a man  of  a morephilofophic  mind, 
being  ftruck  with  the  loofe  and  indeterminate 
effect  of  the  principles  of  Paracelfus,  general- 
ized and  added  greater  fimplicity  to  his  notions 
refpecting  chemical  principles.  He  admitted 
two  only,  earth  and  water  ; the  fii  ft  denoting 
every  filing  which  is  dry,  the  fécond  every  thing 
which  is  humid.  He  diftinguifhed  thefe  earthy 
principles,  namely,  firft,  vitrifiable  earth,  or 
the  earth  of  land,  of  flints,  and  of  rock  cry  fiai  ; 
this,  according  to  him,  was  the  principle  of 
drynefs,  of  fixity,  of  infufibility,  and  of  hard- 
nefs  : fecondly,  the  inflammable  earth  the 
fource  of  combuftibility.  This  is  the  principle 
which  Stahl  named  phlogifton,  and  which  he 
confidered  as  fixed  fire  ; and  thirdly,  the  mer- 
curial earth,  the  principle  of  volatility  and  of 
gravitation  at  the  fame  time,  which  he  admit- 
ted  in  mercury,  in  the  metals  in  general,  and  in 
fome  other  bodies.  This  laft  hypothetic  pro- 
duct of  his  imagination  could  never  be  proved 
to  exift  by  Stahl,  though  be,  with  great  inge- 
nuity, 
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unity,  rendered  the  exiftence  of  his  inflammâ* 
hie  earth  probable. 

4.  After  the  time  of  Becher  and  Stahl,  and 
more  efpecially  after  the  labours  of  Boyle  and 
Hales  on  elaftic  fluids,  chemifts  again  admitted 
the  four  elements  of  Ariftotle  in  the  compofition 
of  all  bodies  which  had  been  fuppofed  to  be 
formed  of  that  number  of  principles,  namely, 
lire,  air,  earth,  and  water.  Neverthelefs,  fome 
chemical  philofophers  while  they  preferred  to 
thefe  four  fubftances  the  name  of  elements, 
before  the  epocha  of  that  chemical  revolution 
which  has  proved  that  three  of  them  have  not 
the  properties  of  true  elements,  were  careful  to 
diftinguilh  the  principles  which  they  confidered 
as  ftill  more  fimple  than  thofe  elements  them- 
felves,  and  affirmed  ,to  be  their  conftituent  parts. 
This  opinion  which  approached  that  of  the 
ancient  philofophers  refpebting  the  monades 
and  atoms,  was  the  more  hypothetical  in  one 
refpect,  and  unfounded  in  another,  becaufe 
while  they  thus  admitted  elements  of  elements, 
beings  which  their  experimental  proceffes  were 
very  far  from  exhibiting  or  even  juftifying  a 
fuppofition  of  their  exiftence,  they  qualified,  at 
the  fame  time,  with  the  name  of  principles, 
thole  fubftances  of  great  complication  which 
they  obtained  immediately  from  vegetables. 

5.  It  is  true,  that  in  this  method  of  diftin- 
guilhing  the  principles,  and,  in  order  to  pro- 
duce a kind  of  arrangement  and  apparent  per- 
fpicuity  in  their  diftinetions,  the  fame  chemifts 
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admitted  primitive  and  fecondary  principles, 
proximate  and  remote  principles,  principiant 
and  principiate  principles  ; expreftions  which 
have  become  obfolete  fmce  the  revolution  in 
chemiftry,  but  of  which  it  is,  neverthelefs,  nc- 
ceffary  to  form  fome  conception  in  order  to 
underhand  the  books  of  chemiftry,  and  to  form 
an  accurate  notion  of  the  means  by  which  we 
have  gradually  fucceeded  in  afcertaining  the 
inutility  and  even  the  danger  of  fuch  diftine- 
tions. 

The  primitive  principles  were  fuch  as  could 
not  be  decompoled  ; they  were  the  original 
component  parts  of  bodies  : the  fecondary 
principles  were  themfelves  compofed  of  the 
primitive,  though  they  were  obtained  from  the 
decompofttion  of  fubftances  ftill  more  com- 
pounded. Thus  we  may  obferve,  that  under 
the  fame  name  were  confounded  fimple  bodies 
and  others  of  greater  complexity. 

The  fame  error  exifted  in  the  two  other  dis- 
tinctions of  principles  which  were  in  fa<5t  merely 
fynonimous  variations  of  thofe  two  firft  deno- 
minations. The  proximate  principles  were 
fuch  as  arc  obtained  from  a firft  or  immediate 
decompofttion  ; the  remote  principles,  which 
formed  by  their  union  the  proximate  principles, 
were  obtained  only  by  the  decompofttion  of 
tliefe  laft.  Thefe  were  alfo  named  principiate 
and  the  others  principiant  principles.  It  is 
■evident,  that  every  clear  idea  of  fcience  mult 
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hâve  been  confounded  and  overturned,  by  dif- 
tin  étions  of  this  nature. 

6.  Macquer  was  not  more  happy  in  his  deter- 
minations, or  rather  in  the  propofit ions  which  he 
offered  upon  this  object.  For  as  he  directed  his 
attention  to  amend  the  terms  without  rectifying 
the  notions  they  reprefented,  and  as  he  perpe- 
tually confounded  objeéts  really  diftinét  or  even 
difcordant,  he  was  defirous  that  the  principles 
fhould  be  denominated  according  to  their  order 
of  competition  and  of  the  compounds  which 
afforded  them,  by  the  appellations  of  principles 
of  the  firft,  of  the  fécond,  and  of  the  third  order. 
Eut,  in  this  method,  the  erroneous  denomina- 
tion of  principles  was  conftantly  applied  to 
compounds  more  or  lefs  multiplied,  and  error 
was  propagated  : becaufc,  if  we  aim  at  the  afa~ 
folute  difeovery  of  the  principles,  we  ought  not 
to  admit  of  more  than  one  order:  it  being:  evi- 
dent,  that  when  they  are  once  united  together, 
they  do  no  longer  in  truth  belong  to  the  clafs 
of  principles,  but  to  that  of  compounds. 

7.  At  prefent  we  have  renounced  all  thefe 
abufive,  arbitrary,  and  erroneous  diftinctions. 
It  is  admitted,  that  if  the  word  principles  be 
applied  only  to  the  firft  conftituent  particles  of 
all  bodies,  they  are  perfectly  and  entirely  un- 
known ; that  they  cannot  he  the  objects  of  our 
fenfes,  and  that  we  thou  Id  employ  ourfelves  in 
mere  fuppofition  and  vague  arrangement,  if  we 
were  to  attempt  to  determine  their  nature,  their 
number,  or  their  differences  ; and,  in  a word* 

that, 
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that  a true  philofopher  ought  to  abandon  all 
thefe  abffradt  notions  which  have  been  diffemi- 
nated  at  different  periods  on  this  fubjedh 

8.  It  is  alfo  known  that  if  we  underhand  by 
elements  (a  denomination  fomewhat  more  pré- 
cité than  that  of  principles,  though  it  has  fome- 
times  been  confounded  with,  and  fometimes  dif- 
tinguifhed  from  them)  fuch  fimple  or  undecom- 
pofed  bodies  as  are  found  in  the  decompoiition 
of  all  others,  there  are  a much  greater  number 
of  elements  m matters  which  poflefs  thefe  two 
United  characters,  than  the  pretended  elements 
admitted  previous  to  the  time  of  the  chemical 
revolution  ; and  that  among  thofe  four  bodies, 
which  havefo  long  . been  confidered  as  elements, 
there  are  three  at  leaft,  which,  fo  far  from  being 
undecompofed  fubftances,  do  p refont  a decorn- 
pofition  more  or  lefs  eafy,  or  varieties  more  or 

lefs  numerous.  Everv  motive  therefore  re- 

«/ 

quires,  at  the  p refen t period,  that  we  fhould 
renounce  the  ancient  ideas  relpecting  principles 
as  well  as  elements,  and  that  we  fhould  ufe  thefe 
two  denominations  only  comparatively,  and 
without  attaching  to  them  that  exact,  determi- 
nate or  limited  value  which  has  formerly  been 
attributed  to  them. 

9.  It  was  not  alone  refpeéting  the  principles 
and  elements  of  bodies,  that  vague,  obfcure,  or 
uncertain  notions  were  entertained  ; the  con- 
clufions  adopted  relpecting  the  different  claffes 
of  compound  bodies,  or  the  comparative  dif- 
ferences of  their  competition,  were  equally  in^- 
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accurate.  The  mere  eiiumeration  of  the  words 
which  were  adopted  to  exprefs  them,  will  ferve 
to  give  a proper  notion  of  this  ancient  diftinc- 
tion.  The  compounds  formed  by  the  union  of 
two  or  more  elements,  was  called  a mixt  ; and, 
as  all  bodies  were  for  a long  time  regarded  as 
refulting  from  the  immediate  combination  of 
the  four  elements,  the  word  mixt,  fo  often  ufed 
in  chemiftry,  was  nearly  fynonimous  with  that 
of  body  ; fo  that  this  term  alone  defignated  al- 
moft  every  one  of  the  orders  of  compounds. 
When  an  attempt  was  made  to  introduce  more 
accuracy  into  thefe  denominations,  the  word 
mixt  was  confined  to  the  union  of  two  ele- 
ments ; the  word  compound  was  applied  to  the 
combinations  of  two  mixts  ; fur-compounds 
to  the  union  of  two  compounds  ; decompounds 
to  fuch  as  were  formed  of  two  fur-compounds  ; 
and  fur- decompound  was  applied  to  denote 
the  mafs  formed  of  two  decompounds.  Not 
to  mention  that  thefe  denominations  were  cal- 
culated only  to  embarrafs  and  over-charge  the 
language  of  philofophy;  they  were  alio  mere 
futile  and  imaginary  diftindtions,  becaufe  it  was 
impoffible  to  give  any  inftances,  in  point  of 
fa6t,  but  thofe  of  compounds  and  a few  fur- 
compounds.  So  that  though  the  expreffions 
were  detailed  in  the  elements  of  fcience,  they 
were  not  ufed  in  any  of  its  developments. 

10.  Manquer,  in  order  to  expunge  thefe  bar- 
barous and  tirefome  denominations,,  propofed 
the  clearer  terms  of  compounds  of  the  firft,  fé- 
cond, 
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Cond,  third  and  fourth  order.  - In  the  prefent 
hate  of  the  fcience  we  feldom  have  recourfe 
to  thefe  terms.  It  is  more  ufual  to  employ  the 
expreffion  of  binary  compounds  to  denote  the 
union  of  two  fimple  bodies  ; ternary  for  that  of 
three  ; quaternary  for  that  of  four  fimple  bo- 
dies ; and  it  is  agreed  to  apply  the  expreffion  of 
fimple  bodies  to  thofe  only  which,  not  being 
decompofable  by  the  chemical  methods,  are 
admitted  as  forming,  by  their  more  or  left 
numerous  union,  all  fire  natural  compounds. 


Article  V, 

Concerning  the  Separation  of  the  Principles  of  Bodies } 

or  the  Chemical  Analyfis . 

1.  WHEN  it  was  afeertained  that  many  na- 
tural bodies  are  compounded  of  different  prim 
ci  pi  es,  or  other  bodies  ftill  more  fimple,  methods 
were  fucceffively  employed  to  feparate  the  prim 
ciples  from  each  other.  The  name  of  analyfis 
was  given  to  the  art  of  effecting  this  feparation  ; 
an  expreffion  which,  fmee  its  adoption  by  che^ 
miffs,  has  been  received  in  every  branch  of 
human  knowledge  to  denote  the  feparations  and 
decompofitions,  even  in  the  order  of  our  fenfa- 
tions  and  our  ideas. 

* % The  obfervations  which  have  been  gradu- 
ally accumulated  on  the  art  of  analyfing  com- 
pounds, and  obtaining  their  principles,  have 
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induced  the  neceffity  of  afcertaining  and  dif- 
tingui filing  feveral  different  kinds  of  analyfis, 
either  from  the  method  of  operation,  or  the  re- 
luit obtained,  or  from  the  nature  of  the  bodies 
to  which  the  fame  are  applied.  In  order  to  un- 
derhand thefe  diftin  étions  we  muh  remark,  that 
thofe  matters  which  are  feparated  by  analyfis, 
whatever  they  may  be,  are  dihinguifhed  by  the 
general  name  of  products,  becaufe  they  are  not 
always  principles. 

3 . Under  the  firft  point  of  view  we  might  dif- 
tinguifh  a confiderable  number  of  analyfes,  and 
carry  it  to  as  great  an  extent  as  there  are  diffe- 
rences in  bodies,  or  in  the  proceffes  which  ferve 
to  analyfe  the  compounds.  Neverthelefs,  we 
may,  by  generalifmg  this  firft  mode  of  diflinc- 
tion,  admit  four  kinds  of  analyfes  : the  me- 
chanical analyfis,  the  fpontaneous  or  natural 
analyfis,  the  analyfis  by  fire,  and  the  analyfis 
by  re-agents* 

4.  I call  that  the  mechanical  analyfis  which, 
by  mechanical  means,  fuch  as  pounding,  waffl- 
ing, or  preffure,  affords  the  lefs  complicated 
matters  contained  and  mixed  in  more  com- 
pounded bodies.  In  this  manner  the  gums,  the 
juices,  the  oils,  and  the  farina  of  vegetables  are 
feparated.  It  is  only  a kind  of  diffeétion,  a 
commencement  of  analyfis,  rather  than  a true 
chemical  analyfis  ; but  as  this  mode  of  repara- 
tion is  indifpenfable,  and  muff  precede  every 
other  feparation  in  the  bodies  to  which  it  is  ap- 
plicable, 
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plicable,  it  muft  be  carefully  diftinguifhed  from 
all  the  other  methods. 

5.  The  fpontaneous  or  natural  analyfis  is  that 
which  is  operated  by  the  mere  efforts  of  nature, 
and  of  which  the  chemift  often  avails  himfelf 
to  know  the  compofition  of  bodies.  Thus  it  is 
that  minerals  or  foffds  become  fpontaneoufly 
altered,  and  mutually  feparate  from  each  other 
within  the  earth  or  at  its  furface  ; thus  it  is  that 
vegetable  or  animal  matters  are  flowly  decom- 
pofed  when  deprived  of  the  vital  motion  ; and 
thus  alfo  the  principles  of  molt  liquids  of  a com- 
pounded nature,  when  left  to  themfelves,  re-abt 
upon  each  other,  and  by  fpontaneous  reparation* 
afford  the  obferver  very  much  information  re- 
fpecting  the  compofition  of  thofe  bodies. 

6.  The  analyfis  by  fire  is  that  which  is  ef- 
feéted  by  the  accumulation  of  caloric  in  bodies, 
and  by  the  power  it  has  of  feparating  the  vari- 
ous particles,  and  of  favouring  their  mutual 
difengagement.  This  was  formerly  fo  much 
ufed,  that  it  was  long  thought  to  be  the  only 
power  within  the  reach  of  the  chemift.  This 
kind  of  analyfis,  however,  has  given  rife  to  great 
errors  ; and  it  was  not  'till  the  revolution  of 
the  fcience,  and  the  commencement  of  the 
pneumatic  dodtrine,  that  we  have  been  able  to 
afcertain  with  precinon  the  effedt  of  this  agent 
on  a great  number  of  bodies.  We  no  longer 
fconfider  this  analyfis  but  as  one  of  the  means 
which  ought  to  be  joined  with  many  others  to 
exhibit  the  true  compofition  of  bodies.  It  is 
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more  particularly  afcertaincd,  as  will  be  feen 
in  the  following  fedtion  of -this  work,  that  the 
various  quantities  of  caloric,  accumulated  in 
bodies,  have  fo  great  an  influence  on  the  order 
of  their  decompofition,  that  we  may  even  admit 
a kind  of  analyfis  by  cold. 

7.  The  analyfis  by  re-agents  is  that  which  is 
obtained  by  placing  the  compound  required  to 
be  examined  in  contadt  with  a feries  more  or 
lefs  numerous,  of  fuch  other  bodies  as  by  re- 
adying upon  it  favour  the  reparation  of  its  prin- 
ciples. This  method  has  no  other  limits  than 
that  of  the  genius  and  information  of  the  che- 
mifb  He  may  employ  all  the  bodies  of  nature 
and  all  the  produdts  of  his  art.  Every  thing 
in  his  hands  becomes  a re-agent  provided  he  is 
well  acquainted  with,  and  has  previoufly  de- 
termined the  mode  of  adtion  of  thefe  bodies 
upon  that  which  he  is  defirous  of  analyfmg. 
We  might  affirm,  on  comparing  the  foregoing 
methods  of  analyfis  to  the  prefen t,  that  they 
are  of  the  fame  nature,  becaufe  fire  is  truly  a 
re-agent  ; but  it  is  neceffary  to  diflinguifli  them 
on  account  of  the  different  ufe  which  chemifts 
make  of  each  in  particular  cafes,  and  the  diffe- 
rent degrees  of  confidence  they  repofe  in  the 
one  or  the  other, 

8.  When  we  confider  the  difference  of  the 
analyfis  with  regard  to  their  refaits,  we  muft 
diftinguifh  the  immediate  or  proximate  ana- 
lyfis from  the  mediate  or  remote  ; the  fimple  or 
true  analyfis  from  the  complicated  or  faite. 
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Thefe  four  kinds  of  analyfis  require  to  be  pre- 
cifely  diftinguithed,  becaufe  they  frequently 
prefent  themfelves  in  chemiftry,  and  afford  very 
different  reful ts  with  regard  to  the  knowledge 
of  the  compofition  of  bodies. 

q.  I call  that  the  immediate  analyfis  by  which 
the  fir  ft  feparation  of  the  fubftances  forming 
more  complicated  compounds  is  made  ; fuch  is 
that  which  is  ufed  for  vegetables  more  particu- 
larly in  the  firft  mechanical  treatment.  To 
form  a proper  idea  of  this,  we  muft  underftand 
that  the  bodies,  to  which  it  is -applied,  are  form- 
ed of  a mixture  of  feveral  compounds,  which 
muft  be  feparated  from  each  other  before  they 
can  be  individually  analyfed.  In  this  manner 
it  is,  that  we  firft  extract  from  the  juice  of  a 
plant  the  fecula,  the  mucilage,  the  fugar,  and 
the  proper  fait  contained  therein  which  are 
themfelves  compound  bodies,  capable  of  having 
their  peculiar  nature  exhibited  by  a new  ana- 
lyfis. It  is  by  treating  them  proximately  or 
immediately  by  the  firft  chemical  means,  that 
we  obtain  thefe  firft  materials  of  their  compo- 
fition, and  hence  is  derived  the  name  which  I 
give  to  this  kind  of  analyfis.  We  fee  that  it 
ought  to  precede  all  the  others.  It  differs  from 
the  mechanical  analyfis  becaufe  italmofi  always 
follows  it,  and  becaufe  the  means  made  ufe  of  in 
this  are  frequently  different  from  thofe  of  the 
‘mechanical  procefs, 

10.  In  oppofition  to  the  foregoing,  I call 
that  the  mediate  or  remote  analyfis,  which,  fuc- 

ceeding 
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ceeding  to  the  proximate  analyfis,  examines  the 
nature  of  the  firft  compounds  which  are  obtain- 
ed by  this  laft  in  order  to  ascertain  their  intimate 
compofition.  This  is  entitled  to  the  name  I 
have  given  it  only  with  refpect  to  the  immedi- 
ate or  proximate  analyfis  ; it  muff  only  be  dif- 
tinguifhed  from  that  analyfis  by  a kind  of  op- 
pofition,  and,  in  order  to  form  an  accurate  no- 
tion of  the  different  kinds  of  decompofition 
which  can  be  effected  in  bodies.  It  may  be 
claffed  among  the  different  kinds  of  analyfis 
which  we  have  confidered  with  regard  to  their 
means,  becaufe  it  is,  in  fact,  by  thefe  different 
means  that  we  are  capable  of  making  this  kind 
of  remote  analyfis. 

11.  The  third  kind  of  analyfis,  with  regard 
to  the  refults  afforded  by  thefe  proceffes,  is  dif- 
tinguifhed  by  the  name  of  the  fimple  or  true 
analyfis,  becaufe  it  gives  the  products  Avithout 
alteration,  fuch  as  they  exifted  in  the  compound 
which  afforded  them..  The  character  by  which 
this  kind  of  analyfis  is  diftinguifhed,  is  that  the 
products  it  affords  being  re-united,  form  again 
the  compound  fuch  as  it  Avas  in  its  nature  and 
quantity  before  its  decompofition.  We  fee  that 
it  is  on  account  of  this  character  that  it  is 
called  true  or  fimple  ; true,  becaufe  it  gives  re- 
fults which  are  Avithout  error,  and  fimple,  be- 
caufe the  effects  which  accompany  it,  or  to 
which  it  gives  rife,  are  not  complicated.  This 
kind  of  analyfis  is  the  môft  ufeful  and  alfo  the 
moft  rarç  ; it  demands  much  of  accuracy  and 
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much  of  labour,  and  accordingly  it  is  that  to 
which  we  do  not  arrive  but  in  the  laft  ftage  of 
our  operations,  and  after  having  tried  all  the 
others. 

12.  The  fourth  kind  of  analyfis,  conffdered 
with  regard  to  its  refults,  is  oppofed  to  the  fore- 
going  ; and  therefore,  I call  it  falfe  or  compli- 
cated, becaufe  it  forms  products  which  are  al- 
tered, and  different  from  what  exifted  in  the 
compound  of  which  their  elements  conftituted 
a part.  It  may  appear  difficult,  on  firft  con- 
fideration,  to  form  a notion  how  we  can  obtain 
from  a compound  products  which  are  not  really 
contained  in  the  ftate  they  poffefs  when  fepa- 
rated  from  the  body  itfelf.  But  this  difficulty 
is  only  apparent,  and  ceafes  to  be  fo  when  the 
caufe  is  explained,  It  is  owing  to  the  circum- 
ftance  that  the  very  complicated  compounds  to 
which  this  kind  of  analyfis  is  applied,  contain- 
ing a great  number  of  principles  united  toge- 
ther at  the  fame  time,  allow  to  each  of  them 
when  feparated,  the  facility  of  combining  in  a 
number  and  order  which  are  different  from 
thofe  of  their  primitive  combination.  That  is 
to  fay,  inftead  of  a quartenary  compound  which 
originally  exifted,  and  in  which  the  four  com* 
ponent  principles  were  united  altogether,  there 
is  formed  by  the  kind  of  analylis  here  treated  of, 
two  new  binary  compounds,  different  from  the 
firft  compofition  ; fo  that  when  they  are  re- 
united, wé  can  no  longer  produce  that  origi- 
nal compound,  This  eff'eét  happens^  for  exam- 
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pie,  in  the  analyfis  by  fire  applied  to  vegetable 
or  animal  matters. 

13.  The  falfe  or  complicated  analyfis,  of 
which  the  denomination  muft  be  well  under- 
ftood  after  the  explanation  here  given,  is  un- 
fortunately the  moft  frequent  of  thofe  which 
chemifts  are  obliged  to  employ  ; but  in  caufiiig 
new  methods  of  analyfis  to  fuceeed  each  other 
upon  each  of  the  produis  afforded,  they  arrive, 
at  length,  to  the  true  or  Ample  analyfis,  the 
term  of  their  labours  and  the  aim  of  their  expec- 
tation. Hence,  we  fee,  that  it  is  only  by  ap- 
plying fucceflively  thofe  analyfes  which  differ 
either  by  their  means  or  by  their  refults,  that 
vre  can  fuceeed  in  accurately  determining  the 
order  of  compofition  of  bodies,  and  the  nature 
as  well  as  the  quantity  of  their  principles. 

14.  Lafdy,  by  confidering  the  chemical  ana- 
lyfis under  the  third  relation  of  bodies  to  which 
it  can  be  applied,  we  diftinguifh  more  particu- 
larly the  mineral  analyfis,  when  it  has  for  its 
objeét  the  knowledge  of  foffils  ; the  vegetable 
analyfis  ; and  the  animal  analyfis,  when  thefe 
proceffes  are  applied  to  fubftances  of  the  re= 
fpeétive  claffes  of  organized  fubftances.  But, 
it  is  obvious,  that  we  might  multiply  the  fpe- 
cies  of  this  genus  to  a much  greater  extent,  if 
we  were  to  proceed  as  is  often  done  in  fyfte- 
matieal  works,  laboratories,  collections,  &c. 
and  diftinguifh  the  analyfis  of  earths,  which 
are  fo  ufeful  to  agriculture  and  a multitude  of 
arts  ; thç  analyfis  of  ftones,  fo  advantageous  to 
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the  architedt,  the  fculptor,  the  engraver,  the 
jeweller,  & c.  the  analyfis  of  faits,  of  ores,  of 
water,  &c.  But  as  each  ofthefe  denominations 
carries  with  it  its  precife  definition,  and,  as  they 
may  alfo  be  as  various  as  the  demands  of  the 
fciences  and  arts  which  require  them,  it  is  ufe- 
lefs  to  dwell  any  further  upon  this  fuhjedk 
15.  As  the  diftindiions  of  the  various  kinds 
of  analyfis  are  necellary  to  him  who  is  delirous 
of  knowing  the  refources  of  chemiftry  and  its  ad- 
vantages; as  it  is  indifpenfable  to  eftablifh  them 
with  precifion,  at  the  commencement  of  the 
ftudy  of  this  fcience,  fo  likewife  they  polfefs 
another  kind  of  utility,  when  we  apply  precife 
conclufions  to  the  comparative  nature  of  the  dif- 
ferent produdts  hitherto  fubjedted  to  thefe  dif- 
ferent kinds  of  analyfis  ; they  teach  us  that 
bodies,  confidered  with  regard  to  the  analvfis 
which  may  be  made  of  them,  are  diftinguifhable 
into  three  great  chemical  claffes.  The  firft  clafs 
is  that  of  bodies  not  yet  decompofed  or  inde- 
compofable,  and  comprehends  thofe  upon  which 
no  analyfis  has  any  effedt,  and  of  which  no  dif- 
tindl  principle  can  be  feparated  ; fo  that  che- 
milts  confider  them  as  if  they  were  fnnple,  and 
fometimes  defignate  them  by  that  expreffion. 
The  fécond  includes  bodies  decompofable  with- 
out alteration,  and  comprehends  all  thofe  to 
which  the  true  or  fimple  analyfis  can  be  applied, 
and  which  afford  produdts  fuch  as  they  exifted 
in  the  compounds  of  which  they  conftituted 
part  The  number  of  bodies  which  are  fufcep- 

tible 
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tible  of  thefe  proceffes  is  not  very  confiderable. 
The  third  clafs  comprehends  bodies  decompofa- 
ble  with  alteration,  and  embraces  the  numerous 
feries  of  compounds  which,  when  fubjected  to 
analy fis,  afford  products  likewife  compounded 
but  different  from  their  ftate  of  exiftence  in  the 
firfl  competition. 


Article  VI. 

Concerning  the  chemical  Combination  of  Bodies  with 

each  other ; or  Synthejïs. 

1.  THE  different  methods  of  analy  fis  which 

chemifts  have  ufed  in  order  to  acquire  a know- 
ledge of  natural  compounds,  have  obtained  fo 
much  confidence,  and  rendered  fervices  to  fci- 
ence  of  fuch  magnitude,  that  chemiftry  itfelf 
has  frequently  been  defignated  as  the  fcience  of 
analyfes.  Neverthelefs,  when  we  carefully  com- 
pare the  refults  of  thefe  analyfes,  it  is  foon  ob- 
ferved,  that  in  many  of  the  cafes  which  appear 
to  be  analytical,  from  the  feparation  or  dis- 
union of  the  principles  of  compounds,  no  other 
procefs  has  in  reality  been  effected,  than  a dif- 
ferent kind  of  union  among  the  parts  or  prin- 
ciples, with  regard  to  their  number  or  propor- 
tion. ; ;t  ' V 

2.  On  the  other  hand,  it  was  obier  ved,  that 
when  various  bodies  are  placed  in  contact  with 
each  other,  two  and  two,  or  three  and  three, 

they 
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they  frequently  are  confounded  together  and 
form  one  fimple  whole.  This  new  totality 
formed  by  the  union  of  various  bodies,  effected 
by  means  of  art,  is  diflinguidied  by  the  name 
of  compofition  or  combination. 

3.  This  union,  of  which  the  refult  is  a com- 
pound, has  become  a powerful  means  for  afeer- 
taining  the  properties  of  bodies  'and  forming  a 
great  number  of  products  ufeful  to  our  wants 
and  the  arts; — Hence  it  is,  that  chemifts  by 
oppofing  this  method  of  operating  to  the  me- 
thod of  analyfis  of  which  it  is  to  a certain 
extent  the  inverfe,  and  confidering  it  as  one  of 
the  extremes  of  their  art,  as  one  of  the  great 
means  of  their  operations,  have  carefully  diftin- 
gu ifhed  it  by  the  name  of  fynthefis. 

4.  Under  this  laft  point  of  view,  the  word 
fynthefis,  though  often  confounded  with  the 
terms  compofition  or  combination,  is  not  really 
fynonimous  but  denotes  another  thing.  In 
fa 61,  we  may  apply  the  word  compofition  or 
combination  to  the  product  of  this  mode  ufed 
by  chemifts  to  compofe  or  combine,  and  re- 
fer ve  the  word  fynthefis  for  the  operation  it- 
felf,  or  power  of  which  the  operator,  in  a cer- 
tain refpect,  avails  himfelf  when  his  intention 
is  by  experiment  to  unite  together  fuch  bodies 
as  he  knows  are  capable  of  that  procefs.  It 
is  neverthelefs  neceflary,  that  the  fludent  fhould 
be  aware  that  the  words  compofition,  combina- 
tion, and  fynthefis,  are  very  often  ufed  indis- 
criminately 
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criminately  for  each  other  in  writings  and  con- 
verfations  upon  chemical  fubjects. 

5.  Synthefis,  confidered  as  the  fécond  general 
method  of  chemiftry,  to  afcertain  the  intimate 
and  mutual  afition  of  natural  bodies,  is  ftill 
more  frequent  than  analyfis,  and  the  fcience, 
if  it  were  to  be  defined  from  the  ufe  of  its  two 
means  of  operating,  would  be  rather  entitled 
to  the  name  of  the  fcience  of  fynthefis,  than  that 
of  analyfis,  becaufe,  in  all  the  cafes  of  compli- 
cated analyfis,  we  operate  in  truth  only  by  fyn- 
thefis, and  form  merely  compounds  of  an  order 
indeed  inferior,  butlikewife  in  number  fuperior, 
to  that  of  the  firft  compounds  fubje filed  to  this 
kind  of  analyfis. 

6.  Synthefis  is  ftill  more  entitled  to  enter 
into  the  definition  of  the  fcience  ; and,  in  this 
refpefit,  would  be  preferred  to  analyfis,  becaufe 
many  natural  bodies  not  being  capable  of  de- 
comp o fit  ion,  and  obeying  no  other  power  than 
that  of  union  or  fynthefis,  there  is  no  other 
method  of  acquiring  a chemical  knowledge  of 
them,  than  by  combining  them  with  each  other 
and  examining  the  compounds  formed  by  this 
kind  of  combination. 

7.  From  the  preceding  obfervations  we  fee, 
that  as  the  name  of  competition  is  often  ufed 
inftead  of  that  of  fynthefis,  the  w ord  decom- 
pofition  may  alfo  be  fubftituted  for  that  of  ana- 
lyfis, and  accordingly  we  find  that  this  is  fre^ 
quently  done  in  treatifes  of  chemiftry, 

8,  However 
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8.  However  varied  tlie  operations  of  chemif- 
try  may  be,  however  numerous  and  different 
from  each  other  the  refults  may  be  obtained, 
they  are  all  referable  to  analyfis  or  fynthefis, 
and  muft  be  confidered  as  compofitions  or  de» 
compofitions.  Every  thing  which  this  art  is 
capable  of  accompli  filing  may  be  comprehend» 
ed  under  thefe  two  general  methods,  and  molt 
frequently  they  are  combined  together.  Such 
is.  the  accurate  notion  which  we  ought  to  en- 
tertain of  the  falfe  or  complicated  analyfis,  of 
which  the  origin  and  the  products,  though  fo- 
reign in  a certain  refpeét  to  the  firft  compounds 
which  afford  them,  are,  in  truth,  produced  by 
a feries  of  combinations  or  fynthefes,  which  are 
effected  at  the  fame  time  that  the  decompofition 
takes  place. 


Article  VII. 

Of  the  Attraction  of  Aggregation . 

1.  ALL  the  operations  of  chemiftry  are 
founded  on  the  force  of  attraéfion,  which  na- 
ture has  eftabliihed  between  the  particles  of 
bodies  ; this  force,  which  retains  the  planetary 
bodies  at  determinate  diftances,  alfo  retains  the 
particles  of  bodies  in  the  vicinity  of  each  other. 
When  we  confider  it  as  operating  between  fimi- 
lar  particles,  or  thofe  of  like  nature,  it  bears  the 
name  of  attraétion  of  aggregation. 
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2.  It  is  not  this  force  of  aggregation  which 
chemifts  employ  to  operate  their  analyfes  or 
fynthefes.  It  even  oppofes  itfelf  to  the  effedts 
they  are  defirous  of  producing  ; and  as  they  are 
obliged?  on  account  of  this  very  oppofttion,  to 
deftroy  or  to  diminifh  it,  it  becomes  eflential 
that  they  fliould  carefully  acquire  a knowledge 
of,  and  be  able  to  eftima'te  its  power,  in  order 
to  determine  the  neceffary  means  of  overcoming 
it. 

3.  In  the  early  periods  when  chemifts  per- 
ceived that  tlie  force  here  mentioned  oppofed 
their  operations,  being  habituated  to  explain 
the  elfedts,  they  obferved,  by  certain  relations 
or  analogies,  which  they  fuppofed  to  exift  be- 
tween  bodies,  they  named  this  force  the  affinity 
of  aggregation. 

4.  The  Affinity  of  aggregation  of  the  che- 
mifts is  nothing  more  than  the  att  radii  on  which 
exifts  between  particles  of  like  nature  adhering 
to  each  other.  Its  effedt  is  well  expreffed  by 
the  words  adhefion  or  coliefion,  though  thefe 
words  may  themfelves  be  diftiuPTiilhed  and 
confidered  in  truth  only  as  fynonimous  terms. 

5.  Two  folids,  moiftened  and  placed  in  con- 
tact, adhere  or  attradl  each  other  with  a force 

g 

which  frequently  varies  according  to  the  par- 
ticular nature  of  each.  Thus  a metal  adheres 
more  ftrongly  to  another  metal  than  to  a liquid 
which  is  not  metallic,  & c.  We  mull  not  con- 
found this  phcenomenon  with  that  of  fimple 
floating  bodies,  or  needles  placed  upon  watef 

which 
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which  attradt  each  other,  in  the  cafe,  when  the 
two  bodies  are  either  unequally  moiftened,  or 
equally  difpofed  to  refill  moifture,  and  which 
repel  each  other  conftantly,  when  one  of  them 
is  capable  of  being  wetted  and  the  other  is 
not  ; this  laft  effect,  which  is  the  caufe  of  the 
afcent  of  water  in  capillary  tubes,  depends  on 
the  convex  or  concave  furface  formed  in  the 
water.  In  either  cafe  it  is  referrible  to  the 
dodirine  of  inclined  planes,  though  it  has  been 
confidered  by  fome  as  an  example  of  the  attrac- 
tion of  cohefion. 

6.  As  it  is  a confiant  fadt  that  bodies  attradl 
each  other  at  a diftance,  and  as  a number  of  ex- 
periments prove  at  the  fame  time  that  all  bodies 
abound  with  fmall  cavities  or  pores  more  or 
lefs  numerous,  we  may  confider  the  at  trad!  ion 
of  aggregation  which  brings  the  particles  of 
bodies  together,  as  the  power  which  holds  them 
only  at  certain  diftances  from  each  other  fo  that 
they  do  not  touch,  but  leave  between  each  other 
intervals  of  greater  or  lefs  magnitude. 

7.  From  the  exiftence  of  this  attradlion  be- 
tween fimilar  particles,  the  bodies  thus  produced 
are  called  aggregates,  inoppofition  to  the  words 
heap,  mafs,  or  mixture,  which  denotes  bodies 
whofe  particles  being*  feparate  from  each  other 
do  not  form  aggregates.  A piece  of  fulphur  is 
an  aggregate  ; fulphur  in  powder  is  merely  an 
heâp. 

8.  As  all  the  particles  connedted  or  kept  to- 
gether by  the  force  of  aggregation,  in  an  ag- 
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g regate,  are  of  the  fame  chemical  nature,  they 
have  been  diftinguilhed  by  the  name  of  inte- 
grant particles  to  diftinguith  them  from  the 
conftituent  parts  which  are  feparated  by  ana- 
lyfis.  Thus  each  integrant  particle  of  a binary 
compound  is  formed  of  at  leaf:  two  other  par- 
ticles, one  of  one  kind  of  principle,  and  the 
other  of  another  kind  of  principle.  This  dis- 
tinction is  elfential  with  refpect  to  all  the  known 
compounds,  but  it  is  of  no  confequence  with 
regard  to  indecompofable  bodies  in  which, 
while  we  confider  them  as  (impie,  we  may  take 
the  integrant  particles  to  be  of  the  fame  nature 
as  the  conftituent  parts. 

9.  When  we  compare  bodies  with  regard  to 
the  difference  of  their  aggregation  they  are  dif- 
tinguifhed  into  four  kinds  of  aggregates;  the 
Solid  aggregate,  the  foft  aggregate,  the  liquid 
aggregate,  and  the  gafeous  aggregate.  Thefe 
four  aggregates  are  confequences  of  different  de- 
crees of  the  fame  force  ; which  has  its  maximum 
in  denfift  Solid,  and  its  minimum  in  the  rareft 
and  lighted  gas.  This  opinion  is  founded  on 
the  fa&,  that  we  are  able,  by  means  of  the  ac- 
cumulation of  caloric  in  a body,  to  caufe  it  to 
pafs  fuccefftvely  from  the  date  of  a folid  ag- 
gregate-to  thofe  of  the  foft,  the  liquid,  and 
the  elaftic  fluid  aggregate.  We  can  even,  by 
withdrawing  the  accumulated  caloric,  caufe  the 
aggregation  to  appear  again  in  all  its  force  and 
convert  a gas  into  a liquid,  and  that  liquid  into 
a folid 
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10.  Every  genus  of  thofe  aggregations  com- 
prehends a great  number  of  fpecies  or  degrees 
of  folidity,  foftnefs,  liquidity,  or  gafeity,  which 
in  each  of  thefe  dates  may,  in  fome  inftances, 
be  more  remote  from  each  other  than  the  gene- 
ra themfelves,  notwithftanding  their  apparent 
difference.  Thus,  among  foiids,  we  diftinguifh, 
befides  their  regular  or  organic  form,  the  fpe- 
cies, and  even  the  mode  of  folidity,  by  the  dif- 
ferent degrees  of  denfity,  hard  nefs,  tenacity, 
fpecific  gravity,  elafticity,  brittlenefs,  dudtility, 
&c.  Among  liquids,  befides  the  variations  of 
denfity  and  weight,  the  different  modifications 
of  aggregation  are  deferibed  by  the  words  con- 
fi  hence,  thick  nefs,  viscidity,  undtuofity,  &c. 
In  the  genus  of  gafes  the  fpecific  gravity  and 
dilatibility  are  the  only  meafures  of  their  rarity, 
beeaufe  they  elude  the  fight,  and  afford  fewer 
fenfible  properties  to  appreciate  the  lliacles  of 
difference  between  them. 

-'s'—  ^ • • ■ » • r ' .»  j /.  t j 

11.  Thefe  notions  having,  in  truth,  no 'rela- 
tion with  any  chemical  principle  hut  that  of 
the  deffrudlion  of  aggregation,  it  is  eafy  to 
imagine  that,  in  order  to  produce  this  laft  ef- 
fect, nothing  elfe  is  required  to  be  done  but  to 
apply  a force  to  the  aggregates,  that  is  to  fay, 
preffure,  or  a blow,  the  energy  of  which  fliall 
be  more  confiderable  than  the  force  of  ag-are- 
gation  itfelf.  This  is  done  in  ail  the  prepara- 
tory operations  of  dividing,  chopping,  pulve- 
rizing, levigating,  or  filtering  the  different  na- 
tural bodies,  whether  for  the  purpofe  of  reducing 
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folids  into  particles  fo  fmall  and  feparate,  that 
the  force  of  aggregation  fliall  become  inconfi- 
derable;  or  to  feparate  liquids  from  the  did e- 
rent  fubftances  which  affedt  their  purity,  by 
rendering  them  turbid. 

12.  The  art  of  chemiftry  which,  in  the  diffe- 
rent  means  it  employs  to  deftroy  the  aggrega- 
tion of  bodies,  has  really  for  its  objedt,  to 
caufe  thefe  bodies  to  pafs  from  the  hate  of  phy- 
fical  fubjedts  (that  is  to  fay,  fubjedts  of  which 
the  mechanical  philofophy  can  afcertain  their 
properties)  to  that  of  chemical  fubjedts,  on 
which  this  philofophy  may  be  confidered  as  no 
longer  operating,  poffeffes  and  alfo  employs  the 
means  of  caufmg  them  to  appear  again  in  their 
hate  of  aggregates  ; when,  after  haying  fub- 
jedted  them  to  the  action  of  different  agents,  it 
is  defirous  of  knowing  their  phyfical  properties; 
and  preferving  them  under  their  true  form. 
They  are  then  obtained  under  the  figure  of  an 
irregular  mafs,  more  or  lefs  confiftent,  or  in 
thofe  regular  figures  which  are  called  cryftals. 

s Article  VIII. 

Concerning  the  Attraction  of  Competition. 

i.  CHEMISTS  can  make  no  fynthetical  nor 
analytical  operation,  if  they  do  not  carefully 
ftudy  the  effedts  which  arife  from  the  attraction 
of  compofition.  It  is  this  force  which  pro- 
duces, j 


ATTRACTION  OF  COMPOSITION.  9$ 

duces,  and  ought  to  direCl  all  the  operations  of 
our  laboratories.  It  is  this  power  which  im- 
parts the  knowledge  of  the  intimate  and  mutual 
action  of  all  the  bodies  of  nature  upon  each 
other,  and  consequently  renders  us  acquainted 
with  their  chemical  properties.  The  entire  col- 
lection of  the  phenomena  to  which  it  gives 
birth,  do  in  effect  constitute  the  Science  itfelf, 
which  confifts  merely  in  the  arrangement  and 
fyftematical  connection  of  the  whole  of  thefe 
phenomena. 

2.  The  attraction  of  compofition,  which  was 
formerly  called  chemical  affinity,  becaufe  it  wras 
fuppofed  to  be  produced  by  a natural  relation 
between  the  bodies  in  which  it  is  obferved,  dif- 
fers from  the  attraction  of  aggregation  in  the 
circumftances,  that  this  laft  never  a&s  but  be- 
tween Similar  particles,  and  affords  merely  co- 
herent maffes  of  greater  volume  or  denfity,  but 
of  the  fame  nature  as  thofe  parts  themfelves  ; 
vdiereas  the  attraction  of  compofition  exifts 
only  between  thofe  diffimilar  particles  of  which 
thé  union  and  adhefion  forms  chemical  com- 
pounds. This  explains  the  origin  of  its  name. 

3.  The  creating  power  of  nature  has  placed, 
in  all  the  bodies  which  compofe  our  globe,  and 
probably  alfo  in  thofe  which  belong  to  the 
other  maffes  of  the  whole  imiverfe,  an  intimate 
force,  which  penetrates  them,  agitates  their 
particles,  and,  as  it  were,  caufes  them  to  join 
each  other,  or  at  leafl  to  approach  fo  very  near- 
ly together,  and  adhere  with  Sufficient  ffrength 

to 
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to  form  fubftances  different  from  what  thev  in- 

•/ 

dividually  were  before  their  union.  Whence 
it  follows,  that  the  chemift,  by  caufing  the  at- 
traction of  compofition  to  aét  between  natural 
bodies,  is  only  the  minifter  or  director,  and 
does  nothing  more  than  obferve  the  effeéts  re- 
fulting  from  thefe  operations.  It  is  alfo,  on 
account  of  this  tendency  to  union,  an  expref- 
iion  fometimes  ufed  to  denote  the  attraéiion  of 
compofition 3 that  the  earlier  chemifts,  who  were 
defirous  of  explaining  its  caufe,  have  fuppofed 
between  the  particles  of  bodies  a kind  of 
friendfliip  or  affection,  from  which  is  derived 
the  word  affinity,  fo  long  employed  to  exprefs 
this  natural  phenomenon. 

4.  When  we  coniider  the  whole  feries  of  phe- 
nomena arifing  from  chemical  attraélion,  or  the 
attraction  of  compofition,  we  obferve,  that  thofe 
which  are  proper  to  defignate  its  charaéler,  and 
confequently  to  throw  the  greateft  lights  on 
the  theories  of  fcience,  are  at  the  fame  time  fo 
cont  ant,  that  moft  chemifts,  in  conformity  to 
the  proportion  I hr  ft  made  in  1 7 8 1 , have 
thought  proper  to  diltinguifli  them  by  the  name 
of  laws. 

5o  We  may  at  prefent  diftingui/Ti  ten  gene- 
ral  laws  or  the  attraction  of  compofition,  the 
conhde ration  of  which  fuflficiently  ihows  the 
great  influence  of  this  force,  in  all  the  pheno- 
mena of  nature  and  of  art,  and  confequently 
on  all  the  refaits  of  the  operations  of  chemif- 
try.  As  each  of  thofe  forms  a true  chemical 

axiom. 
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axiom,  proper  to  explain  all  theories  of  the  fci- 
ence,  we  lliall  not  merely  recite  them  in  this 
place  without  explanation,  but  by  announcing 
them  in  fucceffion  we  lhall  fhow  how  many  im- 
portant applications  each  of  them  is  fufcepti- 
hie  of,  and  its  relation  to  the  whole  doCtrine  of 
the  fcience. 

6.  The  firft  law  of  the  attraction  of  compo- 
fition,  is  that  it  takes  place  only  between  bodies 
of  different  nature  or  diffimilar  particles.  The 
perfpicuity  and  generality  of  this  law  are 
feen  in  its  fimple  enunciation  ; for  it  is  evident 
that  an  attraction,  fuppofed  to  take  place  be- 
tween fimilar  bodies,  would  be  merely  that  of 
aggregation,  and  could  never  form  compounds. 
Though  moft  chemifts  have  apprehended  that 
what  has  been  called  affinity  between  bodies 
muft  be  the  effect  of  a relation  or  intimate 
fimilitude  between  them,  the  phenomena  of 
chemi (try  prove,  neverthelefs,  that  the  attraction 
of  compofition  is  ftronger  in  proportion  as  the 
nature  of  the  bodies  between  which  it  is  exert- 
ed is  more  remote  ; as  far  as  we  are  able  to  af- 
certain  or  appreciate  this  difference. 

7.  The  fécond  law,  the  attraction  of  compofition 
takes  place  only  between  the  ultimate  particles 
of  bodies.  In  this  expreffion  the  do  Chine  al- 
ready exhibited  is  fhown  in  a new  form,  name- 
ly,  that  it  is  neceffary  that  bodies  fhould  be  in 
an  extreme  ftate  of  divifion,  and  have  paffed 
from  the  rank  of  phylical  lubjects  to  thofe  of 
chemical  ; that  they  fhould  have  loft  their  folid 


con- 
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confidence  or  hate  of  aggregation,  in  order 
that  they  may  be  able  to  unite,  fo  as  to  form  a 
compound  ; for  it  is  between  the  conftituent 
particles  of  bodies  that  the  attraction  of  com- 
pofition  is  exerted  ; and  confequently  it  is  evi- 
dent that  the  movement  by  which  they  are  car- 
ried toward  each  other,  in  order  that  they  may 
approach  fo  near  as  to  combine,  or  the  very  a6t 
of  this  combination  rauft  efcape  our  fight. 
When  therefore  we  explain,  that  it  refides  only 
in  the  ultimate  particles,  and  that  it  is  totally 
different  from  the  attraction  of  aggregation 
which  takes  place  only  between  the  groffer  par- 
ticles, which,  for  this  reafon,  are  called  inte- 
grant parts,  the  terms  of  this  law  affirm,  at 
the  fame  time,  that  the  mode  of  its  operation, 
the  motion  which  accompanies  it  with  the  ele- 
ments of  form,  diftance*  and  weight,  which 
diredt  it,  are  concealed,  with  refpect  to  us,  un- 
der an  impenetrable  veil  ; and  that  man  can 
know  them  only  by  the  refults,  without  being 
able  to  eftablifh  any  computation  refpedting  the 
data  themfelves. 

8.  The  third  law,  the  attraction  of  compoji - 
tion  can  take  place  between  a number  of  bodies . 
The  enunciation  of  this  law,  though  very  fnn- 
ple,  comprehends  neverthelefs  all  the  poffible 
combinations  and  the  true  aggregate  of  che- 
mical refults;  fmce  it  teaches  us  that  57  bodies 
not  decompofed,  if  confidered  as  to  the  poffible 
number  of  their  chemical  compounds,  taking 
them  2 and  % 3 and  3,  4 and  4,  and  5 and  5, 

without 
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without  carrying  them  to  a more  elevated  com- 
plication mull:  afford  4,612,972  compounds;  a 
quantity  of  which  it  is  almoft  impoffible  to  con- 
ceive that  the  human  mind  can  embrace  the 
feries  and  comparison  of  charaéteriftic  proper- 
ties. 

9.  The  fourth  law.  In  order  that  the  attrac- 
tion of  compofltion  may  take  place  between  two 
bodies , it  is  neceffary  that  one  of  them,  at  leaf, 
Jhould  be  fluid.  Though,  in  this  place,  we  affert 
nothing  more  than  that  it  is  neceffary  to  em- 
ploy, in  the  operations  of  chemiftry,  fuch  bo- 
dies only  as  have  no  power  of  aggregation,  yet 
it  is  of  importance  to  confider  and  attend  to 
this  law  in  particular  ; 1 . becaufe  it  forms  an 
ancient  chemical  axiom,  corpora  non  agunt  niji 
foluta , of  which  we  ought  to  know  the  value  ; 
2.  becaufe  its  examination  leads  us  to  the  know- 
ledge of  one  of  the  great  phenomena  whicli 
takes  place  in  chemical  operations.  As,  ac- 
cording to  the  tenor  of  this  law,  it  is  Sufficient 
that  one  of  the  two  bodies  Should  be  in  thç 
fluid  ftate,  it  happens  that,  by  prefenting  a Solid 
body  to  a liquid,  we  See,  during  the  very  aét 
of  their  combination,  the  Solid  difappear,  and 
become  fufid,  by  partaking  the  liquidity  of 
the  fluid  ; and  this  is  named  Solution.  There 

' g r 

exifts,  consequently,  in  this  force,  a power  of 
Sufficient  magnitude  that  the  attraéfion  of  ag- 
gregation  of  one  of  the  two  bodies  fhould  be 
deftroyed  by  its  energy. 


10.  Chemifts 
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10.  Chemifts  have  long  exhibited  falfe  ideas 
of  folution.  This  was  done,  not  only  by  dif- 
tinguilhing  one  of  the  bodies  by  the  denomi- 
nation of  the  folvent,  and  the  other  that  of  the 
folvend  ; a diftinction  which,  in  fact,  expreifes 
merely  the  folid  hate  of  the  one,  and  the  liquid 
of  the  other  with  their  tranfition  ; but  alfo  by 
efroneoufly  attributing  to  the  folvent  a parti- 
cular force,  virtue  or  power,  by  the  admiffion 
of  which  it  was  fuppofed  that  all  the  effect  of 
folution  depends  on  the  liquid,  while  the  folid 
itfelf  appeared  to  be  a paffive  kind  of  body, 

4 which  was  fubjeéted  to  divifion,  deftruction,  or, 
in  a word,  folution,  by  the  former.  This  pro- 
cefs  of  reafoning  was  afterwards  carried  fo  far 
as  to  imagine  that  the  folvent  had  the  form  of 
needles,  while  the  body  to  be  dilfolved  was  fill- 
ed with  pores;  and  that  the  needles  entered  in- 
to the  pores,  and  feparated  the  parts  of  the  fol- 
vent. This  mechanical  explanation  of  folu- 
f ion  is  not  only  a ridiculous  fiction  ; but  a very 
falfe  interpretation  of  the  phenomenon  itfelf  to 
- which  it  was  applied. 

11.  In  fa<5t,  there  is  no  more  effort  in  folu- 
tion, on  the  part  of  the  liquid  than  on  that  of 
the  folid.  The  folid  is  carried  with  as  much 
power  and  activity  towards  the  parts  of  the 
fluid,  as  thefe  laft  are  towards  the  folid.  The 
tendency  to  union  between  both  is  equal,  and 
we  might  even,  perhaps,  be  permitted  to  fay, 
that  the  folid  employs  more  force  to  lofe  its  ag- 

oyed  by  the  liquid  in 
deftroying 
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deftroying  it.  And,  moreover,  though  the  liquid 
imparts  its  fluidity  to  the  lolid,  the  particles 
of  this  la  ft,  in  proportion  as  they  are  teparated 
and  interpofed  between  thofe  of  the  liquid,  tend 
alfo  to  impart  their  foliclity,  and  to  give  a de» 
gree  of  denfity,  fpeciflc  gravity,  and  conflit» 
ence,  more  or  lefs,  exceeding  what  it  pofleffed 
before.  Thus,  in  every  folution,  before  the 
folid  becomes  liquid,  part  of  the  liquid  itfelf 
becomes  folid  by  interpolation  between  the  par» 
tides  of  the  folid  itfelf.  Accordingly,  in  many 
of  thefe  operations  we  fee  the  liquid  partaking 
the  folidity  of  the  folid,  i ahead  of  producing 
liquefaction  in  the  folid  itfelf. 

12.  The  fifth  law.  ir  hen  federal  bodies  unite 
or  combine , their  temperature  changes  at  the 
very  moment  when  the  attraction  of  comp ojition 
a&$  betxveen  them.  As  we  cannot,  in  this 
place,  attend  to  more  than  a Ample  general 
expofition  of  the  laws  of  chemical  attraction, 
the  full  explanation  of  the  caufe  of  this  effeCt 
will  be  given  elfewhere.  It  muft  only  be  ob- 
ferved,  that  whenever  two  or  more  bodies  at- 
tract and  combine  chemically,  their  temperature 
is  either  raifed  or  lowered,  and  never  remains 
the  fame  at  the  moment  of  their  union.  There 
is  conftantly  either  a production  of  lenfible  heat 
or  a refrigeration  in  the  very  act  of  combining; 
fo  that  a chemical  compound  muft  always  retain 
.a  greater  or  a lefs  portion  of  caloric  than  the 
fum  of  that  which  its  component  parts  con- 
tained before  .their  union.  This  habitude,  which 

hereafter 
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hereafter  we  fhall  call  the  capacity  for  caloric, 
or  the  fpecific  heat  of  the  body,  is  therefore 
changed  in  the  aét  of  combination,  and  the  com- 
bined bodies  are  in  another  condition  with  re- 
gard to  the  proportion  of  this  principle,  than 
they  were  before  the  combination  of  the  prin- 
ciples which  form  them.  We  muft  here  con- 
iine ourlelves  to  this  fimple  expofition,  and  only 
remark,  that  all  compounds,  which  at  the  mo- 
ment of  their  formation  become  hot,  lofe  ca- 
loric, and  afterwards  retain  lefs  than  was  origi- 
nally held  by  their  component  parts  ; whereas, 
on  the  contrary,  all  thofe  which,  at  the  inflant 
of  their  formation  become  cold,  do  abforb  ca- 
loric, and  contain  more  than  their  principles 
held  before  their  union. 

13.  The  fixth  law.  Compounds  formed  by 
chemical  attraction,  poffefs  new  properties  diffe- 
rent from  thofe  of  their  component  parts.  It 
is  the  more  neceffary  to  have  a clear  concep- 
tion and  decided  explanation  of  this  confiant 
phenomenon,  or  law  of  the  attraction  of  com- 
pofition,  becaufe  chemifts  have  long  believed 
that  the  contrary  took  place  in  their  combina- 
tion. They  thought,  in  fact,  that  the  com- 
pounds pofTeifed  properties  intermediate  between 
thofe  of  their  component  parts  ; fo  that  two 
bodies,  very  coloured,  very  fapid,  or  infipid, 
foluble  or  infoluble,  fuflble  or  infufible,  fixed 
or  volatile,  affumed,  in  chemical  combination, 
a fhade  of  colour,  or  tafle,  folubility  or  volati- 
lity, intermediate  between,  and  in  fome  fort 

compofed 
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eompofed  of,  the  fame  properties  which  were 
confidered  in  their  principles.  This  is  an  illu- 
fion  or  error  which  modern  chemiftry  is  highly 
interefted  to  overthrow.  We  never  can  regard 
the  properties  of  a compound  as  the  middle 
term  of  their  compofition.  We  fhould  never 
arrive  by  any  calculation  or  eftimate  from  the 
properties  of  one  or  more  bodies  to  determine 
thofe  which  they  would  have  when  combined. 
Thus  bodies  abfolutely  infipid  before  their 
union,  become  acrid  and  cauftic  afterwards; 
colourlefs  bodies  form  very  coloured  com- 
pounds and  the  contrary  ; matters  abfolutely 
infufible  become  very  fulible  by  their  union  ; 
bodies  which  are  very  volatile  when  feparate, 
are  very  fixed  after  their  combination.  We 
can  never  conjecture  or  eftimate  the  fpecific 
gravity  of  a compound  from  that  of  its  compo- 
nent parts.  The  attraction  of  compofition 
therefore  changes  all  the  properties  of  fuch 
bodies  as  unite  ; and  it  is  always  by  experi- 
ments fubfequently  made,  and  never  by  pre- 
vious calculation,  that  we  can  determine  the 
properties  of  the  compounds. 

14.  The  feventh  law.  The  attraction  of 
compofition  is  meafured  by  the  force  required 
to  feparate  the  component  parts.  It  is  eafy  to 
conceive  that  any  natural  force  can  be  efti- 
mated  at  its  true  value  only,  by  that  force 
which  is  neceffary  to  deftroy  or  render  it  inef- 
fectual by  oppofition.  Thus,  it  is,  that  we  ‘ 
meafure  the  weight  of  a body  by  fufpending  it;* 

or, 
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Or,  which  is  the  fame  thing,  by  preventing  its 
failing  to  the  earth  by  a counterpoife  which  is 
in  equilibrio  with  it.  In  this  manner  it  is, 
that  tenacity,  or  hardnefs,  is  afcertained  by 
meafuring  how  much  weight  is  required  to 
break  a tenacious  or  hard  body.  It  is  thus  alfo, 
that  the  quantity  of  found  and  light  is  afcer- 
tained by  meafuring  the  fpace  which  oppofes  a 
refffitance  to  them  during  their  paffage,  &c. 
But  it  is  effential,  however  fimple  this  explana- 
tion may  appear,  to  arrange  it  among  the  laws 
of  compofition,'  becaufe  erroneous  ideas  re^ 
fpeéling  the  meafure  or  determination  of  this 
force  have  frequently  been  given.  By  an  at- 
tention too  immediate  to  the  firft  appearances, 
chemifts  have  fuppofed  that  thofe  bodies  which 
combine  the  moft  fpeedily  or  with  the -greateft 
quantity  of  motion,  have  the  ftrongeft  affinity 
for  each  other  ; with  thefe  chemifts,  the  fpeed 
of  combination  became  the  meafure  of  affinity. 

It  has  been  afcertained,  that  this  is  a fource  of 
error  and  delufion.  It  often  happens  on  the 
contrary,  that  fuch  fubftanccs  as  are  the  moll 
difficultly  brought  into  combination,  are  thofe 
which  adhere  the  moft  ftrongly  to  each  other. 
Whence  it  refaits,  that  the  true  and  only  exatb  ' 
method  of  determining  the  force  of  chemical 
attra&ion  between  bodies,  is  to  meafure  the 
force  we  are  obliged  to  employ  to  fcparate  the 
conftituent  parts  of  a compound.  The  deve- 
lopment of  the  following  laws  will  render  this 
ftill  clearer.  It  w ill  be  fufficient  to  add,  that 

the 
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the  time  neceffaiy  to  form  a combination  can- 
not exp  refs  its  force,  and  that  the  refpective 
quantities  of  the  fubftances  capable  of  uniting, 
which  fome  modem  chemifts  have  affumed  as 
the  ground  of  eftimate  in  chemical  attraction, 
though  much  better  adapted  to  lead  ijs  to  the 
defired  refult,  are  ftill  too  far  from  being  known 
with  fufficient  precifion  to  be  confidered  in  the 
eflablifhment  of  a law  refpeéfing  this  force. 

15.  The  eighth  law.  Bodies  have  different 
degrees  of  attraction  for  each  other , which  are 
to  be  a [contained  by  obfervation.  This  is  one 

of  the  fimpleft  enunciations  among  the  laws  of 

\ 

attraction  of  composition,  but  it  is,  never- 
thelefs,  one  of  thofe  which  leads  to  the  moft 
numerous  and  ufeful  refults  in  the  accurate 
knowledge  of  this  natural  force.  It  has  been 
Ion 2:  known  that  certain  natural  bodies  refufe 
every  kind  of  union,  while  others,  on  the  con- 
trary, attract  and  combine  with  each  other  with 
the  greateft  force.  Though  it  may  have  even 
been  feen,  that  this  force  has  different  degrees 
of  power  with  regard  to  bodies  which  combine 
together  : it  is  only  fince  the  commencement 
of  the  eighteenth  century,  that  the  relative  af- 
finities, or  proportional  adherence  of  bodies  to 
each  other,  has  began  to  be  eftimated  with  fome 
portion  of  exa&nefs.  As  the  fludy  of  this 
eighth  law  is  calculated  to  throw  the  greateft 
light  upon  all  the  chemical  phenomena,  it  i$ 
effential  to  examine  the  circumftauces  with 
care. 


When 
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When  two  bodies  are  united  by  the  attract 
tion  of  compofition,  if  a third  body  be  pre- 
fented,  obfervation  proves  that  this  laft  is  af- 
feCied  in  four  different  manners.  Either  it  re- 
mains without  combining  and  produces  no 
change  of  compofition  ; or  it  unites  to  the  com- 
pound, and  forms  a ternary  compound  : or  it 
combines  with  one  of  the  two  principles 
of  the  firft  compound,  with  which  it  forms 
a new  compound,  and  entirely  feparates  the 
other  principle  ; or  laftly,  it  unites  with  a 
part  only  of  one  of  the  two  principles  of  the 
compound  of  which  it  then  only  caufes  a 
change  of  proportion,  and  it  forms  with  that 
part  of  the  principle  which  it  has  feized,  a new 
compound,  different  from  that  which  it  would 
have  formed  if  it  had  entirely  feparated  it  as  in' 
the  third  cafe. 

The  firft  cafe,  fuppofes  the  abfence  of  attrac- 
tion, or  the  moft  feeble  attraction  between  the 
new  body  which,  is  prefented  to  the  two  firft 
principles  in  combination,  as  well  as  the  combi- 
nation which  refults.  The  equilibrium  of  the 
primitive  compound  fubfifts. 

The  fécond  cafe  indicates  an  attraction  of 
the  third  body,  equal  to  that  of  the  two  firft 
with  their  combination.  The  product  is  a fur- 
compound. 

The  third  cafe,  announces  a ftronger  attrac- 
tion between  the  body  added  and  one  of  the 
two  which  form  the  compound.  The  effeCt 
then  is  a decompofition  of  the  firft  compound, 
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the  formation  of  a new  binary  compound* 
and  a feparation  of  one  of  the  principles  of  the 
former. 

Laftly,  in  the  fourth  cafe,  where  there  is  a 
partial  decompofition,  two  new  binary  com- 
pounds arife  which  remain  in  equilibrio  of  com- 
petition. 

17-  In  thefe  two  laft  cafes  it  is,  that,  with 
Bergmann,  we  mu  ft  denominate  the  force  which 
operates  the  decompolition,  elective  attraction, 
becaufe  this  effeCl  is  the  confequence  of  an 
attraction,  which,  in  a certain  refpeCt,  is  of  the 
nature  of  choice  between  one  of  the  two  princi- 
ples of  the  firft  compound,  and  the  third  body 
which  is  added. 

18.  In  the  third  cafe  of  elective  attraction  as 
well  as  in  the  fourth,  it  commonly  happens 
that  the  body,  feparated  in  the  midft  of  the 
liquid  cealing  to  remain  diffolved,  is  clepofited 
in  the  form  of  powder,  or  very  fmall  polygonal 
figures.  In  this  cafe,  a precipitation  is  faid  to 
take  place.  The  fubltance,  employed  to  pro- 
duce this  effeCt,  is  called  the  precipitant,  and 
the  depofition  which  is  afforded,  is  called  the 
precipitate. 

The  precipitate  is  diftinguifhed  into  pure  and 
impure . The  firft  muft  be  well  afcertained  to 

be  the  feparated  body  itfelf,  for  example,  a me- 
tal with  all  its  brilliancy  and  peculiar  fplen- 
dour  ; the  fécond,  has  properties  very  different 
from  thofe  of  the  body  itfelf  which  ought  to 
be  feparated,  and  thews  that  it  is  in  a new  ftate 
Vol.  L H of 
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of  combination,  fo  that  the  effect  is  not  then  a 
Angle  or  fimple  decompofition,  but  confifls  of 
the  lèverai  complicated  effects.  True  precipi- 
tates mAfalfe  precipitates  have  alfo  been  dif- 
tinguiihed  ; the  fir  ft  formed  by  the  fubftance 
feparated,  and  the  others  by  the  new  compounds 
which,  in  that  cafe,  are  lefs  foluble  than  the  bo- 
dy feparated.  But,  in  order  to  fhow  the  abufe 
of  thefe  denominations,  it  is  neceffary  to  re- 
mark, that  when  the  aftion  of  a fimple  elective 
attraction  takes  place,  fuch  as  is  here  fpoken 
of,  namely,  when  a compound  of  two  bodies, 
diffolved  in  water,  is  decompofed  by  means  of 
a different  attraction  by  a third  body,  alfo 
diffolved  in  water,  one  or  the  other  of  the  fol- 
lowing' phenomena  comes  to  pals. 

Either  the  feparated  matter  being  infoluble 
and  the  new  compound  foluble,  this  laft  remains 
in  the  fluid,  and  the  feparated  body  is  precipi- 
tated ; pure , if  it  be  alone,  or  impure , if  it  carry 
with  it  a portion  of  the  new  compound,  which 
moft  frequently  happens  ; or  other  wife  the  new 
compound  being  foluble,  and  the  feparated  body 
alfo  foluble,  the  fluid  remains  clear  without 
precipitation,  and  the  decompofition  cannot 
he  afeertained  but  by  the  fubfequent  examina- 
tion of  thefe  mixed  liquors  ; or  laftly,  the  new 
compound  thus  formed  being  infoluble,  and 
the  body  feparated,  being,  on  the  contrary,  folu- 
ble,  this  laft  remains  infolution  in  the  fluid,  and 
the  compound  which  feparates  is  that  which  has 
been  called  a falfe  precipitate.  Whence  we  fee 

that 
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that  there  is  a radical  vice  of  nomenclature, 
ftnce  the  fame  fubftance  has  been  called  a pre- 
cipitate, whether  it  was  the  feparated  matter  or 
the  new  combination.  Accordingly,  therefore, 
we  do  not  now  "life  the  expreftion  of  precipitate 
which  was  formerly  much  employed,  unlefs  to 
reprefent  the  phenomenon,  and  by  no  means  to 
determine  the  nature  of  the  fubftance  which  is 
formed. 

1ft.  We  ftiall  ftill  more  clearly  perceive  the 
uncertainty,  and  even  inconvenience,  as  well 
as  the  falfity  of  this  term  of  precipitate,  when, 
it  is  obferved,  that  the  matter  which  is  feparated 
from  a binary  compound,  by  a third  which  de- 
compofes  it,  by  feizing  one  of  its  two  compo- 
nent parts,  inftead  of  being  depoflted  or  falling 
down  to  the  bottom  of  the  fluid,  rifes  in  vapour, 
and  becomes  volatilized,  when  it  is  fufceptible 
of  this  eflfedl,  and  when  there  is  enough  of  heat 
extricated  to  evaporate  it;  and  alfo  when  we 
ihall  fee  that  this  expreftion  of  precipitate, 
which  is  applied  to  bodies,  and  to  phenomena 
fo  very  different  from  each  other,  cannot  be  ufed 
except  with  regard  to  operations  performed  in 
the  humid  way . It  can  fcarcely  ever  be  applied 
to  experiments  made  in  the  dry  way , becaufe 
the  phenomena,  relative  to  precipitation,  are 
fcarcely  ever  feen  in  this  laft  method  in  a man- 
ner which  can  be  appreciated. 

The  terms  humid  way  are  applied,  in  chemif- 
try,  to  all  the  operations  which  take  place  with 
liquid  bodies,  which  muft  likewife  be  tranfpa- 
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rent  in  order  to  render  the  phenomena  of  pre- 
cipitation fenfible  ; and  the  words,  dry  way, 
are  applied  to  all  the  proceifes  which  are  made 
with  dry  pulverulent  bodies,  not  liquefied  by 
inoifture  but  by  the  aCtion  of  heat. 

20.  There  are  a great  number  of  cafes  of 
elective  attraction,  in  which  a compound  of  two 
bodies,  which  undergoes  no  alteration  on  the 

y o 

part  of  a third,  or  a fourth  body,  each  being 
fuppofed  to  be  fingly  prefented,  is,  neverthelefs, 
-decompofed  when  this  third  and  fourth  body 
are  prefented  both  at  once,  or  previoufly  com- 
bined. This  cafe  is  called  double  elective  at- 
traction, by  way  of  oppofition  to  the  limple 
elective  attractions  previoufly  difeuifed  in  the 
numbers  from  lb  to  Ip.  Though  this  fpe  ci  es 
of  elective  attraction  has  been  long  con  fide  red, 
as  very  difficult  to  comprehend  and  explain,  it 
will  be  eafily  conceived,  if  attention  be  paid  to 
the  union  of  the  two  forces  which  confpire,  in 
feme  refpeCt,  to  cleftroy  the  compound  ; and 
which  prevail  when  united  to  caufe  the  change 
by  their  fum  which  exceeds  the  fum  of  the 
attractions,  by  virtue  of  which  the  lab  fiances 
forming  the  firft  compound  adhere.  Let  us 
fuppofe  by  way  of  elucidation,  a compound 
All  of  which  the  firfi  principle  A.  adheres  to 
the  fécond  principle  B.  with  a force  meafured 
by  the  number  8 ; add  to  this  binary  compound 
a third  body  C.  which  has  for  A.  or  for  B.  an 
attraction  equal  to  6.  It  is  evident,  that  this 
body  C.  will  produce  no  e fie  fit  upon  the  com- 
pound 
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pound  AB.  of  which  the  force  of  compofition 
is  reprefented  by  8 ; a greater  number  than  6. 
In  the  fame  manner,  let  another  fourth  body  D. 
be  prefen  ted  fingly,  and  by  itfelf,  to  the  com- 
pound AB.  of  which  the  attraction  for  its  prin- 
ciples B.  or  A.  is  equal  to  7-  This  new  body 
will  likewife  have  no  power  in  changing  the 
compound  AB.  But,  fuppofe  the  two  bodies 
C.  and  D.  to  aft  at  the  fame  time  upon  the 
compound  AB.  the  body  C.  then  attracting  the 
principle  A.  with  a force  equal  to  6 , and  the 
D attracting  the  principle  B.  with  a force  equal 
to  7,  the  fum  or  thefe  two  forces  united  give 
1 3,  which,  being  much  greater  than  8,  will  elle  ft 
the  decompofition.  This  then  is  the  whole 
myftery  of  double  eleftive  attraction. 

521.  We  mult  not  confound  with  the  double 
eleftive  attraction,  as  has  been  done  by  many  of 
the  moft  fkilful  chemifts,  thofe  numerous  cafes 
in  which,  by  placing  in  contaft  with  a binary 
compound,  another  binary  compound,  of  which 
one  of  the  principles  alone  would  have  been 
fuffieient  to  deftroy  the  firft  combination  ; a 
double  decompofition  and  recompofition  takes 
place.  For  the  fécond  principle  of  the  fécond 
compound  was  not  necelfary,  in  this  cafe,  to 
deftroy  the  firft  compound.  In  order  to  dif- 
tinguifli  with  accuracy  thefe  cafes,  from  thofe 
of  the  true  double  eleftive  attractions,  in  which 
the  application  of  two  bodies  is  required  for  the 
decompofition  of  a compound,  I name  thefe 
attractions  which  are  exereifcd  under  the  firfi 
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circumftances,  fuperjluous  elective  attractions, 
and  thofe  which  take  place  in  the  fécond,  necef- 
/ary  elective  attractions,  after  the  manner  of 
Linnæus  in  his  Polygamia  Syngenefia, 

22.  To  explain,  with  hill  more  perfpicuity, 
the  effeCt  of  the  elective  attractions,  it  is  ufeful 
to  denote  with  Mr.  Kirwan  thofe  attractions  by 
the  name  of  quiefcent,  which  tend  to  leave  the 
compounds  in  equilibrium  and  repofe,  when 
there  is  no  decompofition  in  the  mixtures  ; and 
thofe  by  the  name  of  divellent  attractions, 
which  operate  the  decompofition  of  compounds; 
becaufe  they  tear  a funder,  as  it  were,  the  prin- 
ciples from  their  firfi:  union.  Thus  wre  may  af- 
firm, that  when  a decompofition  of  a compound, 
by  one  or  more  bodies  which  are  added,  takes 
place,  whether  in  the  cafe  of  fimple  elective  at- 
traction or  double  elective  attraction,  the  divel- 
lent attraction  in  the  firft  cafe,  or  the  fum  of 
the  divellent  attractions  in  the  fécond,  are  great- 
er than  the  fum  of  the  quiefcent  attractions. 

23.  It  would  be  of  great  utility  if  wre  could 
accurately  determine,  the  force  of  the  elective 
attractions  which  exifis  between  all  natural  bo- 
dies. By  attempting  to  do  this  by  numbers,  as 
I have  done  fifteen  years  ago,  I have  given 
only  a method  of  approximation  which  may  be 
admitted  to  be  arbitrary  as  long  as  wre  have  no 
accurate  foundations  on  which  we  can  eftablifh, 
or  according  to  which  we  can  calculate,  the  pre- 
cife  value  of  thefe  forces.  We  are  Hill  far  from 
having  grounds  to  hope  for  fuch  a bafis  ; we 

do 


ATTRACTION  OF  COMPOSITION, 


Îf  fit 

I J 

do  not  yet  fee  even  copj eel u rally  the  methods 
which  fhould  be  followed  for  their  difcovery. 
We  are,  therefore,  content  to  exprefs,  by  their 
nearer  or  more  remote  pofition,  thole  bodies 
of  which  we  are  defirous  of  exhibiting  the  elec- 
live  attractions,  by  placing  the  bodies  in  the  or- 
der of  the  refpective  force  of  attraction.  It  is 
the  fimple  reprefentation  of  the  refpective  ranks, 
and  not  the  precife  degree,  or  real  and  propor- 
tional value  of  attradlion,  which  is  defoliated 
in  the  tables  of  affinity  or  chemical  attrac- 
tions. 

24.  It  is  highly  ufeful  for  the  ftudy  of  tlie 
fcience,  and  to  direct  the  fubfequent  refe arches 
ofehemifts,  not  only  to  exhibit,  in  this  manner 
in  tables,  the  rank  which  bodies  hold  in  their 
relative  attractions,  and  to  increafe  the  number 
of  their  columns  as  chemifts  daily  do, — but  it  is 
equally  advantageous  to  reprefent  by  this  kind 
of  formulary,  after  the  example  of  Bergman  n, 
the  effedts  of  double  or  fimple  elective  attractions, 
in  order  to  know  at  one  glance  of  the  eye,  ail 
that  happens  in  the  mixtures  and  contacts  of 
the  different  compounds  with  matters  not  de- 
compofed  or  with  other  compounds.  We  may 
even  by  the  mere  relative  difpoftion  of  com- 
pounds and  their  principles,  exhibit  to  the  eye 
the  fenf  hleeffedts  of  folution,  precipitation,  de- 
eompoftion,  recompofition,  volatilization,  &c. 
which  take  place  during  the  fmuitaneous  aétion 
of  all  fimple  or  compound  bodies  which  are 
placed  in  contact 
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25.  Ninth  law.  The  attraction  of  comp  oft* 
tion  follows  the  inverted  ratio  of  the  faturation 
of  bodies  by  each  other . In  order  to  give  a 
clear  conception  of  this  law  or  confiant  pheno- 
menon, which  is  more  a b hr  acted,  and  more 
difficult  to  be  comprehended  than  the  preceding 
laws,,  we  muft  firft  obferve  that  bodies,  when 
they  combine  together  by  the  attraction  of  com- 
pofitiog,  do  not  unite  but  in  proportions  eha- 
blifhed  by  nature  ; that  when  they  have  arrived 
at  this  relative  proportion  of  compounds,  they  are 
incapable  of  combining  with  any  greater  quan- 
tity of  each  of  their  component  parts  ; and  this 
point  fo  attained  is  denominated  faturation.  It 
muh  be  obferved,  in  the  fécond  place,  that  moh 
bodies  capable  of  combining,  and  which  coin 
fequently  tend  to  unite  in  a. given  proportion, 
do  not  arrive  at  a complete  faturation,  but  un- 
der a favorable  conjunction  of  circumhances  ; 
that  when  thefe  circumhances  do  not  exih,  the 
union  between  them,  though  not  fatisfied,  be- 
caufe  faturation  has  not  yet  taken  place,  re- 
mains neverthelefs  in  equilibrium,  or  in  a hate 
of  repofe,  till  the  coincidence  of  fuch  circum- 
hances; and  that  confequently  we  ought  to  dif- 
tinguilh  the  combinations  of  the  fame  bodies 
in  different  quantities,  and,  as  it  were,  different 
terms  from  the  minimum  to  the  maximum. 
Now  it  is  at  thefe  various  terms,  which  may 
be  more  orlefs  multiplied  , that  the  confiant 
phenomenon  here  noticed,  or  the  exiftence  of 
the  law  concerning  which  I treat  at  prefent,  is 
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obferved,  namely,  that  the  firft  portion  of  a 
body,  which  unites  to  another  body,  adheres 
more  ftrongly  than  the  fécond,  that  the  fécond 
adheres  more  ftrongly  than  the  third,  and,  laft- 
ly,  that  the  attraction  is  fo  much  the  more 
feeble  as  it  approaches  the  more  towards  fatura- 
tion.  This  fadt  agrees  with  another  ohferva- 
tion  equally  important,  namely,  that,  in  gene- 
ral, the  more  ftrong  the  attraction  of  any  body, 
for  another  body,  the  lefs  is  the  quantity  it  will 
require  for  its  faturation  ; whence  it  alfo  hap- 
pens, that,  by  decompoftng  a faturated  com- 
pound, the  laft  portion  is  expelled  more  eafily 
than  the  firft,  which  it  retains  more  ftrongly. 

26.  The  tenth  law.  Decompofition  may  take 
place  between  two  compounds , which  do  not  mu- 
tually decompofe  each  other  by  double  elective 
a ttraction , — if  the  attraction  of  two  of  the  prin- 
ciples for  a third , be  fitronger  than  that  which 
unites  this  third  to  one  of  the  two  firft,  though , 
at  the  very  moment , the  adt  of  union  between 
thofe  two  firft  principles  does  not  yet  exift.  We 
may  fuppofe,  at  firft  fight,  that  this  law  is,  in 
effedt,  a cafe  of  neceffary  double  eledtive  attrac- 
tion, but  we  ftiall,  on  examination,  find  that  it 
is  a very  different  effedt  from  what  is  reprefent- 
ed  and  explained  in  thofe  inftances.  In  the 
prefent  cafe,  we  confider  an  attraction  which 
exifts  between  a binary  compound  not  yet 
formed,  and  another  body  which  is  united  to 
a fourth.  So  that  this  attraction,  which  I call 
pre-  dfpofing,  is  the  only  caufe  which  operates 

the 
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the  formation  of  this  compound,  and  the  do 
compofition  of  another  compound,  which  would 
not  have  taken  place  without  the  formation  of 
the  firth  It  is,  indeed,  a different  thing,  and 
fomething  more  in  effedt  than  the  cafe  of  double 
eledtive  attraction.  In  order  to  form  a proper 
notion  of  this  difpofing  attradtion,  let  us  fup- 
pofe  a compound  N.  O.  and  another  compound 
P.  Q.  of  which  the  four  component  parts  N and 
P O and  Q.  have  not  for  each  other  an  attrac- 
tion which  exceeds  in  its  force  that  which  holds 
them  united  in  N.  O.  and  P.  Q.  It  is  evident 
that  there  cannot,  in  this  cafe,  be  any  decom- 
pofition  by  the  neceifary  double  eledtive  attrac- 
tions, becaufe  the  quiefcent  attradtions  are 
ftronger  than  the  divellent.  Neverthelefs,  if 
the  force  which  tends  to  unite  O.  and  P,  toge- 
ther, added  to  that  which  tends  to  unite  the 
compound  O,  P.  and  Q.  be  more  confiderable 
than  that  which  at  the  firfl  moment  keeps  N.O. 
and  P.  Q.  in  union,  there  will  be  a decompofi- 
tion  by  the  formation  of  a ternary  compound 
O.  P.  Q.  and  a feparation  of  the  firfl  compo- 
nent part  N.  And  this  will  not  be  a true  dou- 
ble elective  attraction,  becaufe  there  is  not  a 
mutual  and  inverfe  union  of  the  two  compo- 
ponent  parts  of  each  compound,  in  fuch  a man- 
ner as  to  form  two  new  binary  compounds  ; and 
becaufe  the  product  of  this  double-difpofing 
elective  attraction  is  on  the  one  part,  the  for- 
mation of  a ternary  compound,  and  on  the 
other  the  di rengagement  of  one  of  the  compo- 
nent 
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nent  parts,  which  is  not  the  character  of  a dou- 
ble elective  attraction. 

27.  All  the  cafes  of  attraction  which  have 
been  detailed  in  the  development  of  the  ten 
laws  here  exhibited,  take  place,  in  general, 
between  two,  three,  or  four  bodies  ; and  the  ef- 
fects may  be  very  well  calculated  by  the  rules 
which  have  here  been  laid  down.  But  thefe 
effects  are  much  more  complicated,  if  more  than 
four  bodies  be  placed  in  contact,  or  if  they  ex- 
ercife  mutual  at t radiions  hill  more  numerous. 
For  example,  when  fever al  ternary  or  quater- 
nary compounds,  or  compounds  Hill  more  com- 
plicated, re-act  upon  each  other,  the  aCtion  of 
a great  number  of  different  principles  taking 
place,  each  on  the  other  refpectively,  one  upon 
one,  two  upon  two,  or  three  upon  three,  the 
calculation  of  the  effects  which  muft  happen, 
containing  a much  greater  number  of  elements, 
muft  alfo  afford  refults  on  the  whole  more  diffe- 
rent and  more  numerous.  This  is  what  happens 
in  feveral  cafes,  which  the  fcience  of  chemiftry 
cannot  yet,  without  difficulty,  explain,  and 
which  depend  on  the  complicated  elective  at- 
tractions ; this  is  more  particularly  obfervable 
in  the  multiplied  chemical  attractions  which  ve- 
getable or  animal  matters  exert  upon  each 
other,  during  the  procefs  of  life  in  vegetables, 
and  animals. 

28.  It  is  only  by  the  obfervation  of  the  phe- 
nomena, and  confequently  by  a feries  of  expe- 
riments that  we  can  give  an  account  of  the 

effects 
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effects  of  the  attraction  of  compofition.  As  we 
are  abfolutely  unacquainted  with  the  ferifible 
and  menfurable  properties  of  the  conftituent 
particles  between  which  this  force  is  exerted 
as  we  poifefs  no  means  of  eftimating  their  vo- 
lume, their  form,  their  furfaces,  their  relative 
weight,  their  di  fiance,  or  to  compare  them  to- 
gether in  the  different  fun  pie  or  undecompofed 
bodies,  of  which  they  conftitute  the  texture,  as 
well  as  their  various  nature,  we  cannot  deter- 
mine previouily,  or  before  the  obfervation  of 
their  mutual  effedts,  the  mode  of  action  which 
they  may  exercife  with  refpedt  to  each  other, 
or  the  kind  of  attraction  which  may  exitt  be- 
tween them.  It  is  impoffible  to  fubmit  to  the 
precifion  and  accuracy  of  computation,  that 
which  mutt  reful t from  their  various  and  mul- 
tiplied unions.  We  are  not  yet  informed  whe- 
ther there  be  not  a repulfion  between  fome  of 
thofe  principles  ; and  though  feveral  philofo- 
phers  have  been  obliged  to  admit  this  oppofite 
force,  by  making  ufe  of  it  in  a certain  refpedt  as 
a counterpoife  to  attraction,  in  order  to  explain 
various  natural  phenomena,  and  among  others, 
thofe  of  electricity  and  magnetifm,  it  has  not  yet 
been  thought  neceifary  to  apply  it  as  a prin- 
ciple in  ciiemiftry,  in  which  philofophers  have 
been  contented  to  obferve  and  deferibe  the  re- 
fults  with  accuracy.  This  operation  of  nature 
which  prefides  over  chemical  attradtions,  is  in 
its  elfedts,  concealed  undçr  the  impenetrable 
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veil  of  the  minutenefs  of  the  particles  between 
which  it  is  exercifed. 

29.  Hence  we  may  deduce,  that  all  the  theo- 
ries which  have  been  oifered  to  explain  the 
elective  attractions,  and  the  caufe  of  combina- 
tion, areTiypothefes  of  more  or  lefs  ingenuity. 
And  it  is  not  permitted  us  to  give  any  pre- 
ference to  one  of  thefe  beyond  the  others,  until 
fome  happy  difcovery,  no  doubt  very  remote 
from  thole  of  which  we  are  now  in  poffeffion, 
111  all  lead  chem-ifts  to  a greater  advance  than 
they  have  been  able  to  make  in  the  courfe  of 
truth.  Whether  this  force  be  owing  to  the 
form  of  the  confti tuent  particles,  to  their  dif- 
tance,  or  merely  to  their  refpeCtive  weight 
whether  it  be  the  fame  as  the  general  attraction, 
modified  fimply  by  the  form  of  the  particles  be- 
tween which  it  takes  place,  or  whether  we  ought 
to  admit  it  as  a power  absolutely  different,  and  to 
maintain  that  it  differs  from  general  attraction 
by  the  laws  to  which  it  is  Subjected, — ‘ Thefe 
objeCls  of  inveftigation,  as  well  as  all  thofe  we 
might  propofe  in  the  aCtual  ftate  of  the  Science, 
have  no  other  foundation  than  in  the  imagina- 
tion; they  are  merely  hypothetical.  Though  it 
does  not  become  us  abfolutely  to  rejeCt  any  of 
thefe  inductions  which  may  be  prefented  upon 
a fubjeCt  fo  difficult,  in  a path  where  it  is  fo 
eafy  for  the  mind  to  be  milled,  it  is,  neverthe- 
less, much  more  wife  and  ufeful  to  continue  to 
interrogate  nature  without  ceafing,  to  multiply 
experiments  and  inquiries,  as  is  the  practice 
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of  cbemiits,  and  to  wait  for  the  anfwers  of  this 
power,  refpeCting  the  folution  of  a number  of 
problems,  which  the  ftucly  of  fimple  and  dou- 
ble, predifpofmg,  and  more  efpecially  the  com- 
plex or  complicated  elective  attractions  prefent 
to  our  view. 

30.  From  this  method  of  proceeding,  from 
experiment  alone  it  is  that  we  have  already  re- 
ceived fo  much  of  elucidation,  refpeCting  the 
pretended  anomalies  in  the  att radiions.  By  the 
name  of  anomalies,  we  defignate  effects  which 
are  varied  and  apparently  contradictory  to  the 
laws  which  prefent  themfelves  in  the  fame  bo- 
dies in  their  union  and  difengagement.  It  has 
been  thown  by  multiplied  experiments,  that 
thefe  anomalies  are  only  apparent,  and  depend 
upon  the  various  circumffances  which  accom- 
pany the  operation  of  chemical  attractions,  and 
of  which  proper  notice  had  not  been  taken  at 
the  time  when  thefe  pretended  variations  in  the 
relative  attractions  had  been  admitted.  Gb- 
fervation,  ever  faithful  to  thole  who  employ  it, 
has  never  failed  to  reduce  again  into  the  clafs 

O 

of  errors,  numerous  diftinclions  of  the  affinities 
which  were  deduced  only  from  thefe  delufive 
variations.  It  teaches  us  at  prefent  that  we  do 
not  admit  of  anomalies,  unlefs  for  want  of  hav- 
ing adtually  obferved  all  that  takes  place  in  the 
attractions  ; and  that  when  thefe  anomalies  are 
admitted  to  exift  in  fome  operations  of  ehemif- 
try,  the  caufe  of  fuch  a conclufion  is,  that  we 
have  not  yet  exactly  determined  all  the  cir- 
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cumftances  of  our  operations.  It  ffiows  that 
the  liquid  or  folid  hate  of  the  bodies,  the  prepa- 
rations made  ufe  of,  the  relative  quantity  of 
water  in  which  they  are  fufpended  or  diffolved, 
the  quantity  of  caloric  which  feparates  them,  or 
the  mafs  of  heat  to  which  they  are  expofed,  the 
degree  of  cooling  to  which  they  are  fubjeéled, 
the  fantaftic  or  imaginary  properties  which  have 
fo  often  been  feigned  in  the  ftudy  of  nature,— 
and,  in  addition  to  all  this,  the  levity,  the  ra- 
pidity, and  carelefsnefs  with  which  experiments 
have  been  made  ; the  too  fpeedy  concluiions 
which  have  been  deduced,  the  circumftances 
which  have  not  been  properly  noticed,  are  the 
true  fources  of  thofe  anomalies  which  have  been 
affirmed  to  exift,  and  that  thefe  anomalies  dif- 
appear  when  the  faéts  are  conhdered  in  every 
point  of  view  ; the  number  of  fuch  irregulari- 
ties being  always  diminiihed  in  proportion  as 
we  advance  in  the  accurate  knowled  s;e  of  the 

o 

phenomena  of  nature. 


Article  IX. 

Concerning  the  Chemical  Phenomena  of  Nature  and  the 

Arts. 

1.  AS  all  the  details  of  the  preceding  article 
have  proved  that  the  force  of  aitraélion,  by 
which  compounds  are  formed,  is  placed  by  na- 
ture in  every  individual  body  with  a certain 
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determinate  degree  of  power,  it  is  evident,  that 
the  phenomena,  produced  by  this  force  muff 
take  place  in  all  the  fcenes  which  pafs  in  the 
world,  and  of  which  the  totality  comflitutes  the 
harmony  of  the  univerfe. 

2.  As  thefe  phenomena  are  of  two  claffes, 
with  relation  to  the  mafs  of  bodies  in  which 
they  originate  or  between  which  they  are  exer- 
cifed  ; namely,  between  large  bodies,  conflitut- 
Ing  the  forces  which  govern  the  motions  and 
the  relative  diflances  of  the  planetary  bodies, 
or  elfe  between  the  particles  of  each  body  fin- 
gly  confdered  and  as,  on  the  other  hand,  the 
attraction  of  compofition  never  a6ts  but  upon 
the  latter,  it  is  manifeft  that  the  effects  which 
take  place  among  the  particles  themfelves  are 
alone  entitled  to  be  confidcrcd  as  chemical  phe- 
nomena. But  it  is  not  the  le fs  neceffary  on  this 
account  that  the  chemift  fhould  fludy  the  re- 
faits, and  thence  explain  the  mechanifm  or 
theory  of  this  force. 

3.  The  number  of  natural  effedls  which  ap- 
pertain to  the  attraction  of  compofition,  and 
are  alone  to  be  explained  by  philofophical  che- 
niiftry,  mufl  he  immenfe  and  unlimited.  Na- 
ture, indeed,  holds  in  her  difpofition  every 
polTible  compound  matter  in  all  its  fiâtes,  and 
her  operations  are  not  bounded  like  thofe  of 
man,  in  the  narrow  limits  either  of  fpace  of 
time.  Thefe  elements  of  her  power  and  her 
forces  are  combined  in  thoufands  of  forms,  and 
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the  refaits  conflit  in  a numbeiiefs  fucceffion  of 
effects. 

4.  We  may,  neverthelefs,  in  order  to  acquire 
a general  idea,  limit  thefe  effects  to  a certain, 
number  of  claffes,  or  confine  them  to  a certain 
number  of  leading  operations  which,  without 
entering  into  details,  will  embrace  the  gene- 
rality and  circumfcribe  the  whole.  I have  al- 
ready attempted  to  do  this  in  my  “Philofophy 
of  Chemiftry,”  by  including,  in  a methodical 
outline,  every  thing  that  appertains  to  the  ge- 
neral theories  of  chemiftry  as  a natural  fci~ 
ence^ 

5.  By  follo  wing  a courfe,  if  not  the  fame,  at 
leaft  fimilar  to  what  is  there  defcribed,  I fhall 
obferve,  that  we  may  include  under  four  gene- 
ral titles  all  the  natural  phenomena  of  chemiftry 
which  take  place  on  the  terreftrial  globe. 

6.  The  firft  title  comprehends  thole  which 
are  prelented  in  the  atmofphere  under  the  form 
of  meteors,  and  which  belong  to  that  branch  of 
fcience  which  I have  deftgnated  by  the  name  of 
meteoric.  They  relate  to  the  hygrometrical, 
thermometrical,  and  barometrical  ftates  of  the 
air,  to  rain,  dew,  milts,  fnow,  hail,  lightning, 
thunder,  and  in  general  all  the  meteors. 

7.  Under  the  fécond  title  I place  thofe  che- 
mical phenomena  which  take  place  between 
foffils.  They  are  the  f abject  of  mineral  che- 
miftry, and  include  the  entire  formation  and 
flow  decompofition  of  earths,  ftones,  ores,  bi- 
tumens, mineral  waters,  the  fpontaneous  altera- 
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tion  of  metallic  ores,  of  earthy  and  ftony  depo- 
fit  ions,  the  tranfpofitions  of  foffil  matters,  folu- 
tions,  cryftallizations,  flaladtites,  fubterraneous 
ftrata,  the  forming  and  fucceffive  change  of 
mountains,  vallies,  plains,  faline  and  metallic 
efflorefcences,  volcanic  inflammations,  and  pro» 
ducts,  and  all  that  belongs  to  mineralogy  and 
geology,  confidered  with  regard  to  the  chemical 
compofition  of  foffils. 

8.  To  the  third  title  of  natural  chemical  phe- 
nomena, belongs  eyery  thing  that  relates  to  the 
life  and  death  of  vegetables.  Vegetable  che- 
mifiry  is  its  fubjedh  Thefe  phenomena  in- 
clude the  germination,  the  influence  of  various 
earths,  the  foliation,  the  formation  of  wood,  the 
fall  of  the  leaf,  the  fading  of  flowers,  fecunda- 
tion, the  maturation  of  fruits  and  feeds,  the 
nutrition  of  plants,  afcent  of  the  fap  ; influence 
of  the  air,  of  water,  of  heat,  of  folar  light, 
of  fliade,  and  the  various  atmofpheres  upon 
vegetation,  the  nature  of  the  gafes  which  ve- 
getables exhale,  the  compofition  of  their  com- 
mon and  proper  juices,  and  their  different  ma- 
terials ; the  natural  alteration  of  thefe  juices, 
their  changes  and  fucceffive  tranfitions,  the 
deftrudHon  of  lifelefs  vegetables  in  water,  in 
air,  in  the  earth,  the  formation  of  bitumens,  and, 
in  general,  every  thing  which  can  enlighten 
the  philofophy  of  vegetables. 

9.  Laftly,  under  the  fourth  title,  I include 
thofe  natural  chemical  phenomena  which  take 
place  in  animal  matters  during  and  after  the  ter- 
mination 
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ruination  of  the  life  of  animals,  and  which  are 
ftill  more  multiplied  than  thofe  of  the  preceding 
title.  They  form  the  matter,  or  they  are  the 
refult  of  animal  chemiftry. — Such  are  the 
changes  of  vegetable  and  animal  fubftances  by 
their  digeftion  and  nutrition,  the  effects  of  re- 
fpiration,  the  nature  of  the  confecutive  altera- 
tions of  the  fluids,  their  converfion  into  folids, 
the  qualities  of  irritation,  motion,  and  perhaps 
even  of  fenfation  in  thefe  laft  ; the  formation 
of  mufcles,  bones,  and  membranes,  the  functions 
of  the  liver,  the  kidnies,  &c.  the  fecretions  con- 
fidered  as  to  their  quantity  and  qualities;  every 
fecreted  fluid,  and  every  folid  when  in  a dif- 
eafed  hate,  or  changed  by  morbific  affections  ; 
the  effects  of  remedies  and  of  poifons  on  the 
fluids  and  organs  of  animals,  the  means  of  op- 
pofing  thefe  effects,  and  deftroying  or  correcting 
them,  the  progrefs  of  flow  definition  in  life- 
lefs  animal  matter  or  putrefaction  ; and  the 
comparifon  of  molt  of  the  preceding  phenome- 
na, with  thofe  which  take  place  in  vegetable 
fubftances. 

10.  All  the  important  confiderations  compre- 
hended under  the  four  preceding  titles,  are  in- 
dicated in  the  different  fections  of  this  work,  to 
which  each  of  them  are  referrible.  I have,  in, 
this  place,  only  taken  a flight  general  view  of 
their  exigence,  as  effects  of  chemical  phenome- 
na produced  by  nature,  and  of  which  the  fludy 
ought  to  accompany  chemical  experiments.  I 
have  prefented  them  only  as  a fketch  of  that 
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cfaèmicai  plan  which  nature  herfelf  feems 
to  have  traced  out,  and  as  the  knowledge 
which  the  chemift  ought  to  endeavour  to  ac- 
quire. 

11.  As  the  arts  are  mo  ft  commonly  imita- 
tions of  the  operations  of  nature,  or  means  of 
obtaining  at  pleafure,  and  in  a confiant  manner 
as  well  as  in  the  ftiorteft  poffible  time,  fuch  pro- 
ducts as  are  appropriated  to  our  various  wants, 
by  modifying,  in  a manner  conformable  to  our 
ufes,  the  feveral  objects  which  the  globe  pre- 
fents  to  obfervation  on  its  furface  and  in  its  in- 
terior ; it  will  be  fufficient  that  we  fhould  con- 
fider  their  totality,  in  order  to  form  a right 
conception  of  them,  in  two  great  clafles.  Some 
of  thole  arts,  in  fact,  change  only  their  form 
and  the  exterior  or  perceptible  properties  of 
bodies  ; thefe  are  the  mechanical  or  geometri- 
cal arts  ; the  others  modify  their  intimate  com- 
petition, and  caufe  them  to  undergo  changes 
or  alterations  which  are  the  fubjeét  of  chemical 
fcience. 

12.  The  chemical  arts  being  nothing  elfe 
but  alterations  or  changes  produced  in  bodies 
by  the  attraction  of  compolition,  it  follows  that 
we  may  confider  them  as  true  chemical  pro- 
ceffes  executed  in  the  large  way,  fo  as  to  obtain 
confiant  products  with  the  leaft  expence  and 
confumption  of  time  poflible.— Chemiftry, 
therefore,  comprehends  the  whole  of  thofe  arts 
in  its  manipulations,  and  pofleifes  the  office  of 
enlightening,  correcting,  improving,  or  ex- 
tending 
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tending  them,  and  even  of  creating  new  arts  ia 
proportion  as  its  own  progrefs  Shall  become 
more  advanced.  We  may  affirm,  that  there  is 
not  any  fingle  operation  among  its  proceffes, 
nor  a fingle  difeovery  of  this  fcience,  which  may 
not  be  considered  as  the  fonrce  of  a new  art, 
or  of  new  advances  to  be  made  in  fome  art  al- 
ready ellabliihed. 


Article  X. 

Concerning  the  principal  Operations  of  Chemiflry  in 

general . 

1.  THE  chemiffc  cannot  obtain  the  refaits 
of  which  he  is  in  fearch, — he  cannot  acquire  a 
knowledge  of  the  nature,  the  composition,  and 
the  re-action  of  bodies  upon  each  other,  without 
bringing  them  in  contact,  d'ifpofing  them  to 
unite,  or,  in  a word,  by  placing  them  in  the 
moft  favourable  fituation  for  the  energy  of  the 
attradtion  of  compofition,  by  means  of  which 
they  mutually  adt  upon  each  other.  All  thofe 
methods  which  are  of  the  nature  of  analyfis  or 
fynthefis,  demand  certain  manipulations,  certain 
proceffes  which  are  called  chemical  operations, 
which  we  do  not  here  propofe  to  deferibe, 
but  merely  to  compare,  in  order  to  render  the 
ufe  and  application  of  them  more  eafily  -under- 
stood in  the  fevcral  parts  of  this  work,  where 
mention  iliall  be  made  of  them,  without  its 

beimr 


128  CHEMICAL  OPERATIONS; 

being  neeeffary  to  defcribe  minutely  the  ma* 
nuai  part,  which  is  foreign  to  this  treatife. 

2.  Befides  the  preliminary  operations  which 
were  formerly  denominated  ancillary,  or  pre- 
paratory, and  which  confift  in  dividing,  fepa- 
rating,  and  purifying  thefe  bodies  which  are 
propofed  to  be  afterwards  treated  by  the  chemi- 
cal methods,  fuch  as  pulverization,  lévigation, 
filtration,  purification,— the  chemical  art  com- 
prehends a great  number  of  other  manipulations 
which  have  particular  objects  and  denomina- 
tions. We  thall  proceed  to  define  them  in  fuc- 
eeffion,  and  give  a general  notion  which  will  be 
fufficient  to  explain  their  ufe  and  application. 

3.  Fujîon  is  that  procefs  by  which  we  foften, 
or  melt,  or  render  fluid  by  means  of  fire,  thofe 
folid  bodies  which  are  capable  of  being  fo 
treated;  fuch  as  the  metals,  fulphur,  pliofpho- 
rus,  fats,  wax,  many  faline  matters,  &c.  We 
ufe  the  term,  to  fufe  bodies,  or  to  bring  them 
into  a ft  ate  of  fufion. 

4 E liquation,  or  liquation,  though  a real 
fufion  denotes  an  operation  upon  compounds 
more  efpecially  metallic  alloys,  of  which  one 
or  more  of  the  component  parts  becoming  fluid, 
or  foftened  by  heat,  are  feparated  in  this  manner 
from  the  others.  It  is  a métallurgie  opera- 
tion. < 

5,  Volatilization  is  the  name  pf  that  procefs 
by  which  certain  fubftances,  capable  of  a flatp 
ot  vapour,  are  made  to  flj  off  or  become  vola- 
tilized 
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till  zed  by  the  action  of  fire  as  the  term  de- 
notes. 

6 . Sublimation  conflits  in  the  particular  vola- 
tilization, or  elevation  in  vapour,  and  condenfa^ 
tion  in  the  upper  part  of  the  apparatus,  of  fub- 
fiances  in  the  dry  and  folid  ftate. 

7.  Evaporation  is  practifed  when  a liquid  or 
fluid  is  reduced  to  vapour  in  the  open  air,  in 
order  to  bring  the  fixed  matters  which  were  dif- 
folved  therein  into  a denfer  ftate,  and  to  obtain 
them  dry  and  feparatc  from  the  fluid. 

8.  Precipitation  is  the  feparation,  in  a dry  and 
pulverulent  form,  of  any  fubftance  whatever, 
diifolved  in  a fluid,  from  which  it  is  caufed  to 
fall  in  a ftate  more  or  lefs  infolubie  by  a che- 
mical decompofition,  as  has  been  obferved  under 
the  article  attraction  of  compofition. 

9.  Cryfiallization  comprehends  the  art  of 
caufing  bodies  after  fufion  or  folution,  to  affume 
a regular  polyhedric  and  cryftalline  form,  which 
characterizes  them,  by  depriving  them  of  the 
fubftance  which  before  held  them  in  a fluid 
ftate.  By  the  word  cry ftaliiza tion,  we  fre- 
quently denote  the  form  itfelf  of  the  cry  fiais.. 

10.  Stratification  is  the  practice  by  which 
bodies  are  expoled  to  their  mutual  aCtion  by 
arranging  them  in  veffels  layer  by  layer,  ftrata 
fuper  ftrata,  as  it  is  uied  in  the  métallurgie 
art. 

* 11.  Cementation  is  a kind  of  ftratification, 
the  object  of  which  is  to  caufe  a portion  of  the 
cement,  which  is  a powder  enveloping  all  the 

parts 
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parts  of  the  body  propofed  to  be  cemented,  to 
re-act  upon  this  body.  It  is  fcarcely  ufed  ex- 
cepting in  fome  metallic  proceffes. 

IQ.  Diffolution,  or  more  frequently  folution, 
takes  place  whenever  a folid  becomes  fufed  in  a 
liquid,  and  partakes  of  its  liquidity.  Some  che- 
nrifts  have  been  defirous  of  diftino;uifhing  clif- 
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folution  from  folution,  but  thefe  two  words  fig- 
nify  at  prefent  the  fame  thing,  and  are  only  ap- 
plicable to  the  Ample  liquefadtion  of  a folid  in  a 
fluid,  without  any  real  change  in  either  of  thofe 
bodies.  When  this  change  happens,  though  the 
word  folution  is  in  this  cafe  often  employed,  the 
defcription  or  indication  of  the  accompanying 
phenomenon^  is  ufually  made  ; an  effervefcence 
is  commonly  mentioned. 

13.  Effervefcence  is  that  phenomenon,  rather 
than  the  operation,  by  which  elaftic  fluids  are 
difengaged  from  the  interior  of  a liquid  ; the 
bubbles  of  which  pairing  through  the  liquid, 
agitate  them,  caufmg  it  to  rife  up,  and  cover 
it  with  a froth  or  fcurn. 

14.  Concentration  confifts  in  condenfing  by 
the  evaporating  adfion  of  fire,  faline  or  other 
fluids,  in  order  to  render  their  folution  more 
denfe,  and,  in  a word,  more  active. 

15.  Graduation  is  a procefs,  the  ohjedf  of 
which  is  to  bring  by  evaporation  or  concentra- 
tion, fluids  to  a degree  of  confidence  or  denfity 
neceiTary  to  feparate  more  eafily  and  fpeedily 
the  fubflances  they  hold  in  folution.  It  is  more 
particularly  ufed  with  fait  waters. 
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16.  Infujion  is  pr  abided.  by  differing  any 
fubjecl,  particularly  vegetable  matter,  to  re- 
main for  a time  in  hot  water  poured  upon  it. 
Any  other  hot  liquid  may  be  applied  in  the 
fame  manner.  In  this  manner  the  beverag© 
called  tea  is  made.  It  is  improperly  that  the 
fluid  itfelf,  thus  produced,  is  called  an  infufion. 
We  ought  to  denote  it  by  a term  ( infufé ) 
derived  from  the  Latin  infufum . 

17-  Maceration  b that  procefs  which  takes 
place  by  fuffering  bodies  to  remain  a certain 
time  in  a liquid. 

18.  Dig  eft  ion  is  a maceration  in  ciofed  vef- 
fels,  effected  by  expofing  the  liquid,  intended  to 
abl  upon  the  folids,  to  a gentle  heat,  continued 
for  fome  time.  This  name  has  been  given  to  it 
becaufe  it  has  been  compared  to  the  digeftion 
of  food,  which  was  thought  to  be  effected  by  a 
fimilar  procefs  in  the  ftomach. 

19.  DecoEtion  takes  place  when  a liquid  is 
boiled  with  a lubftance  upon  which  it  is  in- 
tended to  abb  This  word  is  alfo  ufed  to  denote 
the  prepared  fluid,  whereas  we  ought  to  ufe 
another  term,  derived  from  the  Latin  décoc- 
tion, 

20.  Extraction  is  the  operation  by  which 
one  fub  flan  ce  in  general  is  extracted  from  ano- 

t 

ther. 

21.  The  word  inflation  has  been  fometimes 
ufed  to  denote  that  expofure  to  the  fun  which 
is  m^de  with  the  intention  of  favouring*,  by 

the 
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the  contact  of  its  rays,  forne  adtion  between 
bodies. 

22.  Diftillation  is  an  operation  by  which 
compound  fubftances  are  fubmitted  to  heat,  in 
clofed  veftels,  in  order  to  collect  and  condenfe 
the  volatile  parts.  The  bodies  thus  become 
feparated  into  volatile  principles  and  fixed 
principles.  Its  objedt  is  alfo  to  decompofe 
complex  combinations,  to  change  their  nature 
by  converting  them  into  feveral  other  lefs  com- 
pounds. In  the  firft  cafe,  its  effedt  conflits  in 
the  true  analyfis,  and,  in  the  fécond,  in  the 
falfe  analyfis. 

23.  Cohobation  is  a kind  of  diftillation,  in 
which  the  liquid  produdt  is  eaufed  to  pafs  a 
number  of  fucceflive  times  upon  the  refidue 
from  which  it  was  expelled,  or  upon  a new 
quantity  fimilar  to  that  of  the  firft  diftilla- 
tion. 

24.  ReBification  is  a fpecies  of  diftillation, 
by  which  fluids  are  purified  in  fome  inftances, 
by  feparating  them  from  the  more  volatile  parts 
which  change  their  qualities,  and  fometimes  by 
volatilizing  the  fubjedt  itfelf,  in  order  to  fepa- 
rate  it  from  the  fixed  matters  which  diminifh- 
ed  its  purity. 

25.  Torrefa8ion>  or  roafting,  confifts  in  the 
reparation  of  fome  of  the  volatile  principles  of 
a dry  fubftance,  and  the  divifion  or  attenuation 
which  it  undergoes  at  the  fame  time.  Such  are 
the  changes  which  ores  are  made  to  undergo 
before  their  fufion.  It  is  to  this  laft  operation 

that 
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that  the  term  roafting  is  applied  ; the  word 
Torréfaction  is  frequently  ufed  to  denote  the 
application  of  fire  to  vegetable  fubftances. 

2b.  Calcination  is  ufually  the  volatilization 
of  lome  matter  in  vap-our,  or  in  gas,  and  by 
this,  means  its  fcparation  from  another  more 
fixed  fubftance,  which  is  faid  to  be  calcined. 

27.  Cupellation  is  applied  to  the  reparation 
of  the  very  oxidable  metals  from  thofe  which 
are  very  little  oxidable.  The  fmall  cups,  or 
cupels,  of  calcined  bones,  which  are  ufed  to 
abforb  the  lead  in  the  forn  \ of  a vitrified  oxide, 
when  it  feparates  from  gold  or  filver,  have 
given  the  name  to  this  operation.  It  is  not 
ufed  but  in  the  aft  of  allaying  and  refining 
metals. 

28.  Vitrification  is  the  fufion  of  matters,  faf* 

ceptible  of  affuming  the  brilliancy,  the  tranfpa- 
rency,  and  the  hardnefs  of  glafs . ! 

2 9.  Lixiviation  is  a maceratio  n joined  to  fil- 
tration. An  example  of  this  i s feen  in  the 
making  of  lie  from  wood-afhes-  in  domeftic 
ufe. 

30.  Dejîccation  confifts,  as  its  n ame  implies, 
in  drying  foft  humid  matters,  and  i u depriving 
them  of  the  water  which  they  cont  ain,  which 
would  caufe  them  to  undergo  a fpontancous 
change.  It  is  practifed  byexpofure  to  the  fun, 
or  in  a fiove,  or  on  a fand-bath,  and  it"  is  ufed 
with  vegetable  and  animal  matters,  faits,  carths> 
and  the  metallic  oxides  when  in  a moift  i late. 

31.  Though 


134  CHEMICAL  OPÉRATIONS. 

31.  Though  the  word  combuftion  is  mob  fre- 
quently taken  to  exprefs  the  phenomenon  it- 
felf, it  is  fometimes  applied  to  the  operation 
of  burning  different  combuftible  bodies.  I 
frequently  ufe  the  word  de-combuftion  to  deli  g - 
nate  the  inverfe  operation  of  this  hrft.  I alfo, 
in  this  fenfe,  ufe  the  term  to  unburn  bodies. 

3%.  The  word  inflammation  is  more  frequent- 
ly, and  ftill  more  clearly,  applied  in  a practical 
fenfe  ; becaufe  the  phenomenon  itfelf  is  the 
aim  of  the  operation,  namely,  that  of  putting 
the  fubftance  itfelf  into  a hate  of  flame  or  in- 
flammation. 

33.  Detonation  takes  place  in  all  cafes  where 
fubftances,  being  combined  or  decompofed  very 
rapidly,  change  all  at  once  their  hate,  and  in- 
ftantly  occupy  a greater  volume,  and  by  means 
of  this  fudden  extenfion,  hr  ike  the  air,  fo  as 
to  occafion  a greater  or  lefs  found  by  its  vibra- 
tion. 

34.  Fulmination  does  not  differ  from  deto- 
nation, excepting  by  the  greater  rapidity  of 
the  broke,  the  more  violenfrnoife  and  the 
greater  refemblance  of  the  found  to  thunder, 
from  which  it  has  taken  its  charadteriftic 
name. 

35.  Incineration  is  a kind  of  combuftion 
carried  into  effect  upon  refidual  coals,  by  cauf- 
ing  them  to  become  red-hot  with  the  contact  of 
the  air,  and  frequently  renewing  their  furfaces 
by  agitation,  or  birring  until  they  are  reduced 
to  allies. 

36.  Ootid - 
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36.  Oxidation  is  a term  applied  to  every  ope- 
ration by  which  any  fubftance  is  combined  with 
oxigen,  fo  as  to  become  converted  into  an  ox- 
ide. This  word  is  moft  frequently  employed 
to  exprefs  the  phenomenon  rather  than  the  ope- 
ration. In  this  lalt  fenfe,  we  may  alfo  ufe  the 
oppofite  word  dif-oxidation,  which  then  denotes 
an  operation  no  lefs  frequently  performed  in 
laboratories  than  the  former. 

37.  Reduction  is  the  procefs  by  which  the 
oxides  of  metals  are  caufed  to  appear  again 
under  the  metallic  form.  It  is  alfo  called  a re- 
vivification, and  is  truly  a dif-oxidation, 

38.  The  term fermentation  is  moil  frequent- 
ly ufed  to  denote  the  phenomenon  by  which 
vegetables  and  animal  fubfiances  undergo  a pe- 
culiar change,  but  it  is  alfo  fometimes  ufed  to 
exprefs  the  operation  by  means  of  which  che- 
milts  caufe  thofe  fubfiances  to  ferment, 

39.  The  thirty-eight  different  kinds  of  ope- 
rations, of  which  fhort  definitions  are  here 
given,  comprehend  every  thing  which  can  be 
done,  or  in  effeét  performed,  in  the  laborato- 
tories  and  experiments  of  chemiftry.  The  ob- 
ject, the  effe6t,  and  the  ufes  are  here  exhibited 
in  a fhort  outline.  The  procefies  themlelves 
could  not  be  defcribed  but  in  a work  confe- 
crated  to  the  practical  part  of  the  fcience.  We 
ihall,  however,  give  a preliminary  notion,  or 
fhort  defcription,  of  thefe  procefies  in  fome  parts 
of  this  work,  though  they  are  particularly  ap- 
propriated to  the  theory  of  chemiftry. 

Article 
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Article  XL 

Concerning  the  Chemical  Clarification  of  Bodies * 

3.  FROM  the  explanations  detailed  in  many 
of  the  preceding  articles,  it  follows,  that,  by 
means  of  the  natural  power  of  the  elective  at- 
traction employed  by  chemifts  in  their  opera- 
tions, they  have  fucceeded  in  proving  that  all 
bodies  are  either  decompofable  or  indecompofa- 
ble  ; that  thefe  laft  may  be  confidered  as  fimple, 
becaufe  their  habitudes  are  fuch  in  all  our  ex- 
periments, and  that  the  former  ought  to  be 
regarded  as  compounds  ; that  we  do  not  know, 
and  probably  never  fhall  acquire,  a knowledge 
of  the  firft  principles  of  bodies  ; that  all  the 
opinions  adopted  in  this  refpect  are  purely 
vain  metaphyfical  fpeculations,  of  no  ufe  to  the 
progrefs  of  icience  ; and  that  it  is  neceffary  to 
confine  ourfelves  on  this  point  to  the  fimple 
remits  of  analyfis,  to  the  agreement  and  real  dif- 
ference of  the  produces  they  afford. 

2.  All  the  productions  of  nature,  of  which 
chemiftry  can  acquire  a knowledge,  and  refpect- 
ing  the  compofition,  or  the  fimplicity  of  which 
it  is  authorized  to  pronounce,  may  differ,  and  be 
divided  into  two  great  claffes,  the  one  of  bodies 
fimple  or  undecompofed,  the  other  of  bodies 
competed  or  decompofable.  Whence  the  ge- 
neral data  of  all  the  operations  of  chemifts 

have 
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have  led  them  to  admit,  among  bodies,  feveral 
diftinCtions  very  different  from  t’hofe  adopted  in 
the  other  phyfical  fciences,  and  particularly  in 
natural  hiftory.  For  chemiftry  being  in  poffef- 
lion  of  another  method,  and  different  inftru- 
ments  to  interrogate  nature,  it  muft  receive 
other  folutions,  and  will  not  confine  itfelf  to 
obferve  and  clafs  its  productions  from  their 
phyfical  and  fenfible  properties,  namely,  their 
quantities,  their  maffes,  their  volume,  and  their 
vifible  external  characters,  as  it  is  neceffary  to 
do  in  the  ftudy  of  natural  hiftory,  which  con- 
fiders  bodies  in  their  relation  of  form,  furface* 
place  or  habitation,  different  hates,  periodical 
changes,  regular  or  determinate  alterations,  in 
order  to  afcertain  what  they  are,  to  compare 
them  with  each  other,  and  methodically  to  ar- 
range them. 

3.  It  is,  no  doubt,  of  great  advantage  in  the 
methods  of  natural  hiftory,  to  divide  all  the 
produCts  of  the  globe  into  three  great  claffes— 
minerals,  vegetables,  and  animals  ; to  eflablifh 
for  each  of  thefe  claffes  the  fame  number  of 
kingdoms  of  nature,  namely,  the  mineral,  the 
vegetable,  and  the  animal  kingdoms.  But 
this  divifion  has  the  inconvenience  of  not  in- 
cluding either  light,  or  heat,  or  atmofpheric 
air,  which  might,  neverthelefs,  by  their  mafs 
and  by  their  vaft  influence,  form  a fourth  king- 
dom, modifying,  enveloping,  and  even  govern- 
ing the  operations  of  the  three  others.  It  alfo 
excludes  the  ftrata  of  organized  bodies  in  the 

fofiil 
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foffil  form,  which  are  added  to  the  minerals 
that  conftitute  the  globe,  properly  (peaking; 
While  chemiftry,  fo  long  uncertain  refpedting 
the  comparative  nature  of  thefe  great  claftes  of 
bodies,  could  offer  no  general  confiderations 
refpeCting  their  arrangement,  it  was  under  the 
neceffity  of  following  the  traces  of  natural  hif- 
tory,  to  purfue  its  courfe  with  fidelity,  and  to 
admit  of  the  fame  claffifications.  No  devia- 
tion could  • be  permitted,  under  thefe  circum- 
ftances,  or,  if  we  may  ufe  the  metaphorical  êx^ 
preffion,  chemiftry  could  not  yet  take  her  flight, 
fupported  by  her  own  ftrengtb,  or  wander  with- 
out a guide  in  the  wide  field  of  fcientific  re-* 
fearcln 

4.  But  the  numberlefs  difcoveries  with  which 
this  fcience  has  been  enriched  during  the  laft 
thirty  years,  the  precife  notions  which  it  has 
acquired  refpecfing  the  nature  of  bodies,  the 
clearnefs  and  certainty  of  its  new  refults,  the 
happy  revolutions  which,  following  in  fome  re- 
fpect  that  of  the  other  fciences,  behind  whicli 
it  has  long  been  placed,  has,  all  at  once,  placed 
chemiftry  before  thole  branches  of  human 
knowledge,  and  has,  as  it  were,  charged  this 
fcience  with  the  talk  of  enlightening  and  di- 
reéting  their  progrefs,  demand,  at  prefent,  a 
great  change  of  its  method,  and  allow  it  to 
create  one  different  from  thofe  which  are  fol- 
lowed in  natural  hiftory  and  philofophy  ; a 
method  not  only  peculiar  to  itlelf,  but  calcu- 
lated to  render  its  progrefs  more  certain,  and  f 

its 
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its  ftudy  more  eafy  by  the  fyftematical  conneo 
tion  of  the  fads  upon  which  it  is  eftablilhed. 

5.  Since  natural  bodies,  as  well  as  the  pro- 
duds  of  art,  mull  be  alike  comprehended  in 
this  chemical  claffification  ; and,  as  this  claffi- 
fication  muft  be  originally  founded  on  the  fim- 
pie  or  compounded  nature  of  thefe  bodies,  I 
include  them  all  in  eight  grand  divifions,  of 
which  each,  forming  a peculiar  clafs  of  chemi- 
cal bodies,  will  appertain  to  one  of  the  fedions 
of  the  following  work  from  the  fécond  to  the 
eighth  inclufively.  The  feries  of  thefe  eight 
claffes  of  chemical  bodies  is  fo  difpofed  or  co- 
ordained in  this  new  method,  that  it  leads  from 
the  fimple  or  lefs  compounded  bodies  to  thole 
which  are  more  compounded  ; fo  that  the  pro- 
perties or  fufceptibilities  of  change  in  thofc 
bodies,  becoming  multiplied,  in  proportion  as 
we  advance  in  their  ftudy,  we  fhall  find  a great- 
er number  of  means  and  inftruments  to  appre- 
ciate- and  form  a proper  conception  of  them,  in 
the  knowledge  acquired  refpeding  thefe  which 
hcive  preceded. 

6.  The  fir  ft  clafs  of  chemical  bodies  compre- 
hends thofe  which  have  not  by  any  art  been 
decompofed,  which  nature  prefents  either  fe- 
parate  or  united  together,  but  which  art  con- 
ftantly  finds  unalterable  and  unchanged  after 
its  analyfis;  and  which  confequently  may,  un- 
der this  point  of  view,  be  considered  as  the  true 
principles  and  elements  of  all  compounds.  We 
fhall  fee  that  thefe,  like  the  firft  materials  of  all 
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natural  productions,  exift  in  great  quantities  at 
the  furface,  or  within  the  globe.  Their  hiftory 
forms  the  fécond  feet  ion  of  this  work,  and  fol- 
lows the  firft  fedtion,  which  treats  of  the  gene- 
ralities of  chemiftry,  and  conftitutes  the  intro- 
duction to  the  fcience. 

7.  The  fécond  clafs  of  chemical  bodies  in- 
cludes the  binary  compounds  or  leaft  complica- 
ted ; all  which  are  the  refaits  of  the  union  of 
combuitible  bodies,  of  the  preceding  clafs,  with 
the  principle  which  unites  with  them  during 
their  combuftion,  and  is  alfo  comprifed  in  that 
firft  clafs.  Thefe  are  burned  bodies.  As  all 
the  properties  of  bodies  placed  in  the  firft  clafs 
depend  on  combuftion,  of  which  they  are  either 
the  products  or  the  fubjedis,  it  is  extremely 
natural  and  methodical  to  arrange  the  burned 
bodies,  or  compounds,  winch  refait  from  their 
combuftion  immediately  after  the  firft.  Thefe 
burned  bodies  form  the  third  fediion  of  this 
work. 

8.  In  the  third  clafs  of  chemical  bodies  are 
placed  the  earths  and  the  alkalis  ; bafes  which 
are  named  falifiable,  becaufe,  when  combined 
with  the  bodies  of  the  fécond  clafs,  they  con- 
ftitute  the  faits  properly  fo  called.  Though  the 
greater  number  of  thefe  fubftances  have  not  yet 
been  decompofed,  we  already  poflcfs  too  many 
facts  respecting  their  hiftory,  and  natural  forma- 
tion, to  admit  of  a doubt  that  they  are  of  the 
order  of  binary-  compofitiop,  and  confequently 
bear  relation  to  the  preceding  compounds.  We 
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ih  all  difcufs  this  objeét  more  fully  in  the  fourth 
feétion  of  this  treatife,  which  is  appropriated  to 
them;  befides  which,  the  number  and  import- 
ance of  the  combinations  which  they  form  with 
burned  bodies,  require  that  their  bafes  ihould 
be  placed  immediately  after  the  former. 

9-  To  the  fourth  clafs  of  chemical  bodies  be- 
long,  by  very  natural  order,  the  faits  ; formed 
by  a determinate  union  of  the  burned  bodies  of 
the  fécond  clafs  with  the  falihable  bafes  of  the 
third.  This  clafs,  confifting,  at  prefent,  of  a 
very  great  number  of  fubftances  will  be  treated, 
of  in  the  fifth  fection  of  this  work. 

10.  The  fifth  clafs  of  chemical  bodies  is  ap- 
propriated to  the  metallic  fubftances  ; conft- 
dered  individually  and  diftributed  methodically 
with  regard  to  each  other.  They  are  firft  treat- 
ed, in  a general  manner,  and  merely  with  regard 
to  their  relation  to  the  other  combuftible  bodies, 
of  the  firft  clafs.  As  fimple  matters,  the  metals 
are  of  too  great  importance  with  refpedt  to  every 
branch  of  knowledge  ; they  form  lb  many  ufe- 
ful  combinations,  and  their  liiftory  would  be 
too  inaccurate  and  too  incomplete,  if  it  were 
not  preceded  by  that  of  all  the  bodies  examined 
before  them,  in  order  that  they  may  poftefs  a 
particular  clafs  in  the  chemical  diftribution  of 
the  products  of  nature.  This  fifth  clafs  will 
compofe  the  fixth  fection  of  the  prefent  trea- 
tifc. 

11.  In  the  fixth  clafs  I ar  range  thofe  mine- 
ral, orfoffil,  ftony,  or  metallic  compounds,  which 
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are  found  in  the  bowels  of  the  earth,  and  which, 
confidered  as  natural  chemical  combinations,  of 
great  importance  to  be  known,  ought  to  form  a 
peculiar  clafs  among  the  productions  of  nature, 
when  their  mineralogy  is  required  to  be  ftudied. 
But  all  tr.efe  foffil  bodies  being'  treated  of  irr* 
one  or  other  of  the  four  preceding  feétions,  I 
have  not  thought  it  proper  to  include  them  in  a 
particular  lection  of  this  work. 

12.  In  the  feventli  clafs  of  chemical  bodies* 
are  placed  vegetable  compounds  or  materials  of 
plants;  combinations  more  complicated  than  all 
the  preceding,  which  offer  to  our  confideration 
more  numerous  principles,  more  multiplied  at- 
tractions, and  more  various  alterations.  The 
knowledge  of  thefe  bodies  leads  to  the  pheno- 
nomena  which  include  the  caufes  of  vegetation, 
and  the  theory  of  vegetable  philofophy.  They 
conflit  rite  the  feventh  feCtion  of  this  work. 

13.  Laftly,  the  eighth  and  la  ft  clafs  of  che- 
mical bodies  contains  the  animal  compounds, 
the  ultimate  term  of  the  attractions  and  mo  ft 
complicated  fynthefis  ftill  more  complicated 
than  vegetables,  more  changeable,  and  more 
variable  ; of  which  the  properties  explained  in 
the  eighth  feCtion  of  this  work,  enlighten  the 
philofophy  of  animal  fubftances,  and  require, 
in  order  to  he  accurately  known,  that  we  fhonld 
poftefs  precife  notions  of  all  the  bodies  com- 
prehended in  the  feven  preceding  cl  ailes. 

14.  In  each  clafs  of  chemical  bodies,  the 
feries  of  the  fubftances,  which  belong  to  the 

fame 
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fame,  will  be  determined  by  their  intimate  pro» 
perties,  and  by  characters  founded  on  their 
comparative  nature  or  relative  attractions  ; fo 
that  their  mere  diftribution  will  exhibit  a fyfte- 
matical  outline  of  all  the  information  which 
fcience  poll  elfes  refpecting  them. 

15.  In  the  theoretical  exposition  of  the  pro- 
perties,  combinations,  and  decompositions  of 
all  the  preceding  bodies,  we  fhall  conftantly  ob- 
ferve,  as  I have  already  had  occafion  to  re- 
mark, that  all  the  chemical  phenomena  pre- 
fen ted  by  thefe  bodies,  are  owing  merely  to  the 
effect  of  the  relative  attractions  which  exift  be- 
tween them  ; and  that,  on  various  occafions,  I 
have  advantageoully  availed  myfelf  of  the  pro- 
portion, or  relative  energy,  of  thofe  attractions, 
for  the  methodical  difpofition  of  the  produc- 
tions of  nature  belonging  to  feveral  of  thofe 
elalfes. 


Article  XII. 

Concerning  the  Nomenclature , and  the  Signs  or  Charac- 
ters of'  Chemifiry . 

IN  one  of  the  firfl  articles  of  this  fection,  I 
have  announced,  that  the  nomenclature  which 
was  changed  finee  the  fuccefs  of  the  great  re- 
volution  this  fcience  has  undergone,  in  1787, 
differs  totally  from  the  ancient  names  adopted 
to  denote  the  compounds  and  their  principles, 
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by  prefenting  a regular  fyftem  and  a methodic 
cal  arrangement  of  the  accurate  knowledge 
polfelfed  by  chemifts.  It  is  indifpenfable,  in 
this  place,  according  to  the  order  I have  adopt- 
ed in  prefenting  thefe  elements,  that  I fhoukl 
give  an  account  of  the  progrefs  of  my  co-ope- 
rators and  myfelf  in  the  formation  of  this  new 
language. 

2.  The  firft  principle  by  which  we  were 
guided  was,  to  connect  the  words  with  the 
things  they  were  defigned  to  reprefent.  We 
began  by  bani filing  from  the  nomenclature  all 
words  deduced  from  the  names  of  the  inventors, 
from  the  medical  or  üfual  properties,  and,  by 
ftill  ftronger  reafon,  from  thofe  hypothefes  which 
had  been  imagined  to  explain  faéls  ill  obferved, 
ill  connected,  and  of  which  the  relation  with 
other  faéts  was  not  yet  difeovered.  By  thefe 
means  many  ancient  names,  founded  on  the 

, opinions  of  the  alchemifts,  which  were,  in 
truth,  grofsly  erroneous,  have  difappeared  from 
among  the  new  denominations. 

3.  The  Angularity  of  the  ancient  names — 
their  fource  derived  from  every  kind  of  preju- 
dice and  hypothefis — their  abfolute  incoherence 
and  independence  of  each  other — their  origin  at 

1 Co 

different  epochas,  when  they  were  propofed  to 
exprefs  ideas  different  from  thofe  they  were  af- 
terwards employed  to  denote,  forming  the  -no- 
menclature at  that  time  received,  conftituted  a 
real  chaos,  which  embarraffed  the  ftudy  of  the 
feience.  The  authors  of  the  new  nomenclature 

iinme- 
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immediately  faw  the  neceffity  of  creating;  a new 
method,  which  might  connect  all  the  chemical 

J O 

facts  with  each  other,  and  prefent  their  feries 
in  a fyftematical  order.  Hence  it  was  that 
they  gave  to  the  refait  of  their  exertions  the 
title  of  the  methodical  nomenclature. 

4.  Tire  names  which  they  adopted,  frequent- 
ly by  borrowing  terms  from  the  ancients,  and 
in  every  cafe  by  doing  fo  when  the  ancient 
term  expreffed  neither  an  error  nor  an  hypothe- 
cs which  could  not  be  fupported,  as  well  as  the 
other  words  which  they  were  obliged  to  form  to 
exprefs  bodies  newly  difeovered,  and  unknown 
to  the  ancient  chemifts,  are  in  general  fhort. 
The  g re  ate  it  care  has  been  taken  to  avoid  thofe 
circumlocutions  and  phrafes  which  have  been 
formerly  adopted,  and  conftituted  a language 
fo  difficult  to  be  retained.  The  precihon  and 
concifenefs  of  the  new  expreffions,  render  them 
eafy  to  be  pronounced  and  written,  and  afford 
the  means  of  economifmg  time,  which  is  fo 
valuable  in  the  find  y and  cultivation  of  the 
feiences. 

5.  The  terms  of  the  methodical  nomencla- 
ture are,  in  general,  always  relative  to  the  na- 
ture of  the  body  they  denote,  and  have  no  re- 
lation to  the  inventor,  like  many  of  the  ancient 
names,  nor  confequently  with  the  prejudices 
which  the  difeoveries  made  in  the  times  of  al- 
chemy had  neceffarily  produced.  When  the 
mature  of  the  body  to  which  a name  was  to  be 
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given  was  not  exactly  known,  we  have  preferred 
to  give  fhofe  names  which  expreffed  nothing 
pofitive,  and  could  not  give  rife  to  miftakes. 
Experience  proves,  that  early  prejudices  take 
fuch  ftrong  hold  on  the  mind,  and  that  it  is  fo 
difficult  to  deftroy  them  afterwards,  that  too 
much  care  cannot  be  taken  to  avoid  every  oc- 
cafion  of  producing  them.  Accordingly,  the 
names,  of  little  lignification,  or  fcarcely  of  any 
import,  are  derived  either  from  the  pofitive  fub- 
ftances  which  afford  the  body  in  queftion,  or 
the  place  where  it  is  found,  &ct 

6 . The  roots  of  new  denominations,  applied 
to  exprefs  bodies,  alfo  new  or  unknown  to  the 
ancient  chemifts,  are  conftantly  derived  from 
the  Greek  language.  To  the  advantage  of 
bearing  no  relation  with  the  words  already 
known,  and  confequently  of  being  confounded 
with  names  belonging  to  different  fub fiances* 
they  alfo  unite  the  advantage  of  offering  to  the 
ear  agreeable  founds,  eafy  to  pronounce,  fome- 
times  even  harmonious  ; and,  by  thefe  means, 
to  approach  the  genius  of  tire  French  language, 
of  which,  the  foftnefs  and  eafy  pronunciation 
have  made  it  a medium  of  intercourfe  the  moft 
generally  ufed  in  the  world.  Befides  which, 
by  borrowing  our  definitions  from  the  language 
of  a poli fhed  people,  with  whom  the  French 
have  at  all  times  borne  the  moft  linking  analo- 
gy  ; by  cauling  chemiftry  to  fpeak  the  language 
of  Ariftotle  and  of  Plato,  we  offer  to  the  mind 
a fruitful  four  ce  of  eafy  recollection,  and  ffiow, 
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in  words  of  a permanent  etymology,  the  feries 
of  ideas  which  they  reprefen t,  and  of  which 
they  are  either  the  faithful  imp  reliions  or  the 
fimple  counterpart, 

7.  At  the  fame  time,  while  the  propofers  have 
recourfe  to  the  language  of  the  Greek  philofo- 
pliers  for  new  terms,  in  the  ufe  of  which  they 
have  been  extremely  fparing,  the  whole  number 
adopted  in  the  methodical  nomenclature  not 
exceeding  fix  or  eight,  they  have  alfo  confut- 
ed, at  the  fame  time,  the  genius  and  progrefs  of 
the  French  language.  They  have  not  adopt- 
ed a fervile  imitation  or  fimple  tranflation  of 
the  Greek  words  which  they  have  tranfport- 
ed  into  their  language.  Thofe  words  being  em- 
ployed only  in  part,  are  appropriated  to  the  rules 
of  the  grammar  of  their  country.  They  were 
deltined  only  to  bring  to  mind  fome  ftriking 
and  well-chara<5terized  properties,  and  the  an- 
cient idiom  of  Athens  will  be  found  to  no 
greater  extent  than  is  necelfary  to  enlighten  the 
underftanding  of  thofe  who  read  or  pronounce 
them.  Thofe  terms  fuppofe  only  the  flighted, 
the  moft  fimple  knowledge  of  the  principal 
Greek  words,  a knowledge  which  mu  ft  form 
part  of  the  liberal  education  of  a native  of 
France,  who  is  defirous  of  devoting  himfelf  to 
the  ftud-y  and  cultivation  of  the  fciences, 

8.  In  general,  the  names  applied  to  fimple 
bodies,  or  thofe  which  have  not  yet  been  de^ 
compofed  are  merely  fimple  words  ; eacli  of  thofe 
bodies  is  exprefled  by  a fingle  word,  and  this 

word 
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word  is  aim  oft  always  the  term  which  has  been 
long  adopted.  The  propofers  of  this  nomen- 
clature have  made  it  a law,  fcrupuloufly  to  pre- 
fer ve  the  ancient  names  in  all  cafes  wherein  the 
fubjedt,  denominated  and  long  known,  prefented 
in  its  ancient  denomination  no  one  of  the  vices 
which  they  were  defirous  of  avoiding.  When 
the  ancient  term  was  found  imperfect  in  thofe 
refpects,  they  have  frequently  been  content  to 
modify  the  received  term  in  order  to  correct  its 
defect,  but  without  altering  its  nature  fo  far  as 
to  render  it  difficult  to  be  again  known.  New 
words  have  not  been  applied  to  ftmple  bodies 
excepting  in  the  cafe  of  abfolute  neceffity  ; that 
is  to  fay,  when  thofe  bodies  were  formerly  en- 
tirely unknown,  and  being  the  products  of  new 
difcoVery  were  confequently  in  poffeftion  of  no 
denomination  in  the  old  nomenclature. 

q.  To  compound  bodies  they  have  in  general 
given  compound  names,  formed  to  ffiow  the 
kind  and  nature  of  their  component  parts  ; fo 
that  by  pronouncing  thofe  terms  we  exprefs 
without  error  and  without  obfeurity,  what  are 
the  fubftances  of  which  we  fpeak  without  being 
required  to  make  thofe  efforts  of  memory  which 
the  chemical  nomenclature  formerly  demanded, 
when  its  terms  bore  no  relation,  or  a very  re- 
mote relation  with  the  bodies  concerning  which 
it  treated. 

10.  There  are,  neverthelefs,  fome  compounds 
which,  in  their  nature,  are  fo  complicated,  that 
they  would  have  required  a great  number  of 

words 
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words  to  exprefs  their  compofition.  In  this 
cafe,  as  will  be  feen  in  the  vegetable  or  animal 
fubftances,  the  method  has  been  adopted  of  de- 
ducing their  name,  cither  from  the  fubftances 
which  afford  them,  or  fome  determinate  obvious 
properties  fufceptible  of  characterizing  them 
without  error. 

11.  The  chemical  names  of  the  methodical 
nomenclature  poifefs  another  advantage,  name- 
ly, that  they  are  few,  not  with  (landing  the 
great  number  of  fimple  or  compound  bodies, 
which  they  are  employed  to  exprefs.  For  this 
purpofe,  the  method  of  varying  the  termination 
is  ufed  to  exprefs  the  different  hates  of  the 
combined  fubftances  ; which  are  difpofed  in 
fuch  a manner  as  to  announce  all  the  dif- 
ferences obfervable  in  their  combinations. 
Thefe  terminations  are  the  fame  in  analogous 
eompofitions,  and  the  found  they  afford  is  fuff 
ficient  to  exhibit  the  nature  of  the  compofition 
to  which  each  of  them  is  appropriated. 

12.  The  union  of  principles  which  I have 
here  exhibited,  forms  a fyftem  of  denominations 
eafy  to  be  retained,  and  of  which  totality  piv> 
fents,  in  its  feries  of  names,  the  exact  and  faith- 
ful outline  of  the  facts  which  conftitute  the 
whole  of  the  fcience.  It  follows  therefore,  that 
the  chemical  language  competing  the  methodic 
cal  nomenclature,  is  the  fimple  expreffion  of  the 
phenomena,-  that  it  admits  of  nothing  arbitrary, 
and  cannot  be  considered  butas  the  reprefentation 
pf  the  things  themfelves,  It  has  the  additional 

advantag-e 
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advantage  of  embracing  not  only  the  known 
facts,  but  alfo  of  adapting  itfelf  with  great  fa- 
cility to  ail  the  difcoveries  yet  concealed  in 
the  bolbm  of  nature  ; as  the  feries  of  thofe  dif- 
coveries which  have  been  made  in  the  courfe  of 
eleven  years  from  1787,  the  time  of  the  efta- 
bliiliment  of  this  nomenclature  to  the  moment 
in  which  I write  the  prefent,  fufficiently  proves. 
This  is  the  firft  example  of  the  creation  of  a 
fy hematic  and  analytical  language  in  any  fci- 
encè.  The  happy  fuccefs  which  has  followed 
its  admiffion,  permits  us  to  hope  that  a ufeful 
application  of  this  procefs  will  be  made  to  the 
other  philofophical  fciences,  and  the  attempts 
already  made  in  the  nomenclatures  of  anatomy 
and  mineralogy  juhify  this  hope.  . 

13.  The  fyhem  of  methodical  nomenclature 
muft  necefiarily  require  a change  in  the  chemi- 
cal figns  or  charadters,  of  which  the  ufe  is  often 
fo  advantageous  for  the  concife  expreflion  of 
phenomena,  and  refults  of  experiment,  which 
conftitute  a kind  of  univerfal  language  inde- 
pendent of  the  different  idioms,  like  the  letters 
in  algebra.  The  old  chemical  characters  were 
myfterious  emblems  ; a kind  of  hieroglyphics 
which  the  alchemiffs  made  ufe  of  to  involve  and 
conceal  their  operations  ; their  origin  being  fix- 
ed in  an  opinion  no  lefs  erroneous  than  fingular, 
they  were  diftinguifiied,  at  the  fame  time,  by 
falfehood  and  inconfiftency.  They  were  found- 
ed on  the  dodtrine  of  fignatures,  fympathies,  and  i 
pretended  relation  between  the  ftars  and  fublu-- 
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nary  bodies,  or  the  relations  of  thefe  laft  to  each 
other  in  their  moll  difcordant  properties.  They 
could  only,  therefore,  be  confidered  as  the  faite 
reprefen  tâtions  of  a multitude  of  hypothefes 
more  or  lefs  abfurd.  Fora  Ions:  time,  and  more 
elpecially  fmce  the  epoch  in  which  chemiftry 
threw  off  the  yoke  of  alchemy,  natural  philofo- 
phers  have  ufed  them  with  regret,  and  have 
inceffantly  deplored  the  ridiculous  falfity  of 
thefe  inflruments.  The  leaf:  of  their  defeats 
was  that  they  offer  nothing  fyftematical  or  com- 
parable between  each  other;  and  this  incon- 
fiftency  became  more  ftriking,  in  proportion  as 
the  progrefs  of  fcience  made  it  necelfary  to  add 
other  figns  to  exprefs  fubftances  newly  difco- 
vered  ; as  may  be  feen  in  the  tables  of  chemical 
attractions,  publilhed  by  Bergmann,  in  which 
that  illuftrious  chemift  has,  neverthelefs,  at- 
tempted to  fubjeCt  the  form  of  the  characters  to 
fome  method.  But  no  chemift  could  fucceed 
in  changing  thofe  ancient  fignatures  and  fan- 
taftic  emblems,  while  the  fcience  itfelf,  being  no 
lefs  obfcure  and  fantaftic  in  its  nomenclature, 
afforded  them  no  folid  bafis  to  produce  a change 
fo  de  fir  able. 

14.  One  of  the  advantages  of  the  new  me- 
thodical nomenclature  is,  that  it  has  not  only 
promoted,  but  even  imperioully  demanded  this 
renovation  of  characters.  This  nomenclature 
alone,  by  its  fyftematic  and  regular  arrange- 
ment, was  capable  of  directing  the  formation 
of  figns  intended  to  exclude,  and  fo  advan- 
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tageoufly  to  replace  the  ancient  hieroglyphics. 
Citizens  Adet  and  Hafienfratz  undertook  this 
work  at  the  very  moment  when  the  methodical 

e / 

nomenclature  was  propofed,  and  they  have  per- 
formed it  with  all  the  clearnefs,  fimplicity,  and 
method,  which  was  to  be  expected  from  their 
talents  and  information.  Without  explaining' 
thefe  figns  in  this  place,  becaufe  the  defcrip- 
tion  and  explanation  would  be  entirely  dis- 
placed, I fir  all  content  rnyfelf  with  obferving, 
that  they  perfectly  agree  with  the  methodical 
nomenclature  ; that  the  characters  deduced  from 
fm pie  figures,  the  right  line,  the  femi- circle, 
the  triangle,  and  the  fquare,  placed  in  different 
manners,  exprefs  the  fimple  fubfiances  ; — that 
each  of  thofe  characters  forms  a genus  defigned 
to  reprefent  a correfponding  genus  of  bodies,  of 
which  the  fpecies  are  afterwards  determined  by 
their  relative  pofition,  and  the  addition  of  the 
initial  letter  of  the  name  which  belongs  to  each  ; 
that  by  uniting  or  connecting  two  of  thefe  fim- 
ple bodies,  the  authors  have  thus  reprefen  ted 
binary  compounds,  of  which  the  image  itfelf 
traces,  by  the  relative  difpofitions,  the  two  con- 
nected figns  of  the  proportion  of  each  of  their 
component  parts;  that,  in  this  manner,  they  have 
fucceeded  by  an  ingenious  and  fimple  method 
to  refolve  the  greateft  part  of  the  important 
problem  they  had  propofed  to  themfelves,  name- 
ly, to  exhibit  by  figures  and  emblems,  the  fim- 
ple or  compounded  nature  of  bodies,  their  order 
and  compofitidn,  or  the  number  of  their  com- 
ponent 
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ponent  parts,  as  well  as  tlie  general  proportion 
of  the  fame. 

15.  Thefe  fimple  figns,  no  lefs  diftinCt  and 
eafy  to  be  fixed  in  the  memory,  than  to  be  writ- 
ten, by  forming  a methodical  and  fyftematic 
feries  of  chemical  characters,  founded  on  the 
fame  bails  as  the  nomenclature  itfelf,  and,  like 
that  nomenclature,  intended  to  reprefent  with- 
out  any  arbitrary  fuppofition  or  of  hypothecs, 
all  the  refults  and  experiments, —poifefs  likewife, 
in  common  with  that  nomenclature,  the  advan- 
tage of  prefenting,  not  only  the  knowledge  we 
poifefs,  but  alfo  by  their  generality  and  the  va- 
rious difpofitions  of  which  they  are  fufceptible, 
they  afford  future  materials  to  defignate  new  bo- 
dies, even  among  the  undecompofed  fub  Italic  es 
accordingly  as  the  fcience  fliall  enrich  itfelf  by 
new  difcoveries.  It  is  more  particularly  in  this 
refpeét,  that,  like  the  new  denominations,  thefe 
characters  are  diftingnifhed  from  the  ancient 
hieroglyphics  which,  being  altogether  hypothe- 
tical or  erroneous,  become  more  and  more  re- 
mote from  every  fyftematiçal  order,  in  propor- 
tion to  the  necehity  of  forming  new  characters 
to  exprefsdub fiances  before  unknown. 
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SECTION  second. 

i V l * . . ' 

Concerning  Jimple  Bodies , or  fuck  as  have  not 

yet  been  decompofed. 


Article  I. 

General  Confideratiom  refpeBing  Jimple  Bodies  ; their 
Number  ; their  ClaJJijication. 

1.  ALL  the  bodies  in  nature,  confidered  with 
regard  to  the  manner  in  which  they  are  affect- 
ed in  chemical  operations,  prefent  themfelves 
to  us  either  as  fimple  or  as  compounded  that 
is  to  fay,  the  latter  are  capable  of  being  adted 
upon  by  the  different  methods  of  analyfis,  and 
can  be  feparated  into  bodies  lefs  compofed, 
which  are  called  principles,  in  comparifon  with 
thofe  from  which  they  are  obtained  ; whereas 
the  former,  treated  in  the  fame  manner,  do  not 
afford  any  principle  more  fimple  than  them- 
felves, and  are  not  capable  of  being  analyfed. 

2.  Whenever,  therefore,  we  ufe  the  denomi- 
nation  of  fimple  bodies  in  chemiftry,  the  term 
is  to  be  underftood  only  of  bodies  not  yet  de- 
compofed.  We  cannot  pretend  that  thefe  bo- 
dies are  really  fimple  in  themfelves,  or  that  they 

are 


SIMPLE  BODIES. 


1 5â 


àte  not  formed  of  other  elements  hill  more  fun- 
pie.  We  can  only  affirm,  that  in  all  the  expe- 
riments of  the  fcience,  thefe  bodies  are  found 
to  adt  as  if  they  were  fimple  ; that  they  cannot 
be  decompofed  by  any  of  our  methods  ; that 
they  refift  every  fpecies  of  analyfis,  and  can  only 
be  combined  with  other  bodies,  or  be  made  to 
undergo  various  fynthefes. 

3.  Natural  bodies,  confidered  under  this 
point  of  view,  prefen t to  ehemifts  very  great 
differences  from  the  dodtrines  which  were  for- 
merly held  refpedting  them.  Moft  of  thole 
which  were  formerly  confidered  as  fimple,  and 
as  the  elements  of  all  other  bodies,  are  found 
to  be  more  or  lefs  compounded  ; while  of  thofe, 
which  were  formerly  ranked  among  the  clafs  of 
compounds,  there  are  a great  number  which 
are  really  not  decompofable,  and  can  only  be 
placed  among  fimple  bodies. 

4.  We  muff  not  give  to  this  diftindlion, 
though  eftablifhed  in  modern  ehemiftry,  a 
greater  decree  of  extenfion  or  latitude  than  it 
is  really  entitled  to,  or  aferibe  to  the  ehemifts 
who  admit  it,  notions  which  they  do  not  enter- 
tain. They  do  not  in  truth  exprefs  by  the 
words  fimple  bodies,  any  thing  more  than  the 
refult  of  a chemical  fadt,  which  proves  that 
thofe  bodies  relift  every  attempt  at  analyfis,  and 
are  only  known  .by  the  part  they  form  in  com- 
binations. They  do  not  confound  them  either 
with  the  principles  or  the  elements  of  the  an- 
cient ehemifts.  It  is  true  that  they  no  longer 
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treat  of  tliofe  principles  or  elements  in  par- 
ticular, becaufe  they  can  perceive  nothing  in 
the  theory,  which  formerly  admitted  them,  but 
loofe  hypothetical  notions  far  from  pofleffing 
any  agreement  with  the  fevere  procefs  of  rea~ 
foiling,  and  the  doctrine  which  follows  from 
their  accurate  operations. 

5.  The  bodies  which  have  not  hitherto  been 
deeompofed,  amount  to  near  thirty.  We  fhall 
even  find  that  there  are  lèverai  others  placed  in 
the  following  fedtions,  which  may  be  arranged 
in  the  fame  clafs  which  enlarges  the  number  to 
more  than  forty  ; but  thole  ten  or  twelve  laft 
fubftances,  without  being  decompofable,  do, 
neverthelefs,  approach  fo  nearly  to  other  bodies 
in  their  chemical  properties,  which  are  known 
to  be  compounded,  that  it  is  hardly  poffible  to 
feparate  them,  or  to  give  up  the  expectation 
that  we  dial!  fucceed  in  decompofing  them,  long 
before  that  period  in  which  thofe  other  bodies, 
which  are  at  prefent  reckoned  among  fimple 
fubftances,  fhall  be  known  with  regard  to  their 
intimate  nature,  or  their  laft  conftituent  par- 
ticles. 

6.  The  fimple  or  undecompofable  bodies, 
which  are  arranged  and  examined  in  this  fécond. 
feClion,  are  light,  caloric,  oxigen,  azote,  hidro- 
gen,  carbon,  phofphorus,  fnlphur,  the  diamond, 
and  metals,  which  comprehend  twenty-one 
different  fpecies  diftindf  from  each  other.  If 
we  place  immediately  after  oxigen  and  azote, 
the  atmofpheric  air,  which  is  the  compound  of 
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thefe  two  bafes,  we  fhall  have  eleven  bodies  form- 
ing the  fubjedt  of  the  eleven  following  articles 
of  this  fedtion. 

7.  By  comparing  together  the  ten  genera  of 
fimple  bodies,  of  which  the  number,  the  relative 
difpofition,  and  the  denominations,  are  here 
given,  we  fee  that  the  greater  number  of  them 
are  combuftible  or  inflammable  matters  ; that 
another  genus  is  folely  and  exclufively  necef- 
fary  to  the  combuftion  of  the  firft  ; that  a third 
comprehends  that  fubftance  which  favours  or 
provokes  combuftion,  and  laftly,  that  a fourth 
genus  is  almoft  always  difengaged  in  the  com» 
bullion,  and  is  as  it  were  the  produdt  of  this 
phenomenon. 

8.  All  fimple  bodies,  therefore,  bear  relation 
to  combuftion,  either  as  products,  or  as  favour- 
ing that  procefs,  or  as  being  immediately  and 
neceflarily  fubfervient  thereto,  or  as  themfclves 
undergoing  or  being  the  proper  objedt  of  that 
procefs.  The  one  are  the  phenomena  or  accef- 
fories,  the  other,  are  the  conditions  or  the  fub- 
jects. 

9.  It  muft  follow,  from  thefe  two  confidera- 
tions  (Nos.  7 and  8),  that  combuftion  is  one  of 
the  greateft  and  moft  frequent  phenomena  of 
nature  ; fince  all  that  relates  to  the  hiftory  of 
the  ten  Ample  bodies  belongs  to  it  exclufively. 
Modern  chemiftry,  therefore,  after  having 
placed  this  truth  in  its  full  light,  has  eftablifh- 
ed  one  of  the  principal  foundations  of  the 
fcience* 
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10.  The  effedt,  or  mode  of  adfion,  which  h 
attributed  to  each  of  the  ten  fimple  bodies  in 
the  act  of  combuftion,  of  which  they  embrace 
the  vaft  phenomenon,  is  diflributed  in  the  fol- 
lowing order  : Light  is  one  of  the  moft  confiant 
products,  and  it  is  the  prefence  of  this  being 
which  moft;  men  exprefs  by  the  words  flame, 
inflammation,  inflammability.  Caloric,  befides 
that  it  is  almofl  always  the  product^  is  found, 
like  light,  to  favor,  to  produce,  to  excite,  to 
determine,  and  to  accelerate  the  procefs.  Ox- 
igen  is  the  principal  agent,  and  conftitutes  it  by 
■n n ind ifpenfible  neceflity  for  its  prefence.  Azote, 
hidrogen,  carbon,  phofphorus,  fulpliur,  dia- 
mond, and  the  metals,  are  the  objects,  the  fub- 
jedt,  or  the  true  inftruments  of  this  procefs. 

1 1.  There  is  Hill  another  important  confide- 
ration,  on  the  totality  and  companion  of  the 
ten  genera  and  fimple  bodies,  which  relates  to 
the  great  mais  of  fome  of  them  ; the  immenfe 
fpaçe  which  they  occupy  on  tlie  terreftrial 
globe,  and  the  little  relative  abundance  of 
others,  as  well  as  their  condenfation  and  dilpo- 
lition  on  a few  points  of  the  earth  merely. 
Light  and  caloric  occupy  the  entire  fpace  of  the 
univerfe,  and  are  every  where  diffufed  ; oxigen 
and  azote  compote  the  atmofphere,  which  they 
fill.  The  fix  other  genera  of  fimple  bodies, 
being  all  combuftible  lubflances,  properly  fo 
called,  exiff  in  much  fmaller  quantities,  and 
particularly  in  much  fmaller  maffes,  than  the 
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former,  and  are  difleminated  or  depofited,  in  a 
denfe  date,  in  fome  of  the  ft  rata  of  this  globe. 

12.  The  four  firft  bodies  therefore  afit  gene- 
rally, and  during  every  inftant  of  time,  on  all 
other  natural  bodies,  and  accordingly  enter  in- 
to the  compofition  of  a multitude  of  produc- 
tions. They  may  therefore  be  regarded  as  hold- 
ing, in  the  new  chemical  fyftem,  the  fame  rank 
as  was  formerly  given  to  the  elements.  Never- 
thelefs,  from  their  refemblance  to  the  four  firft, 
in  the  common  point  of  view,  many  of  the  fix 
following  genera  of  fimpie  bodies,  though  lefs 
abundant  than  the  former,  may  and  muft  be 

7 V' 

equally  confidered  as  forming  the  baftes  and 
elements  of  many  of  the  compounds,  which 
will  be  examined  in  the  following  ferions. 
This  propofition  is  more  particularly  applica- 
ble to  hidrogen  and  carbon,  the  principles  of  a 
great  number  of  complicated  compofitions,  and 
may  even  be  extended  to  phofphorus,  fulphur, 
and  the  metals,  which  chemical  anal  y fis  dift 
covers  in  many  mineral  or  foflil  compounds. 

Article  IL 
Concerning  Light . 

1.  LIGHT  being  the  firft  body,  of  which  the 
properties  are  to  be  examined,  muft  alfo  be  that 
of  which  the  hiftory  fliould  apparently  be  the 
mofit  concife;  becaufe  the  chemical  properties 
themfelves  being  merely  the  refult  of  the  inti- 
mate aftion  of,  at  leaft,  two  bodies  upon  each 
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other,  and  no  one  body  haying  been  either  de* 
fcribed  or  examined,  previous  to  the  objedt  of 
our  prefen t obfervations,  there  can  yet  be  no 
means,  or  agent,  or  re-acting  fubftance,  from 
which  we  can  derive  the  character  of  this  prin- 
ciple. 

2.  Neverthelefs,  befides  fome  of  its  phyfical 
properties,  of  which  we  mu  ft  give  a fketch  in 
this  place,  it  is  neceftary  to  take  a general  view 
of  light,  not  only  as  to  its  influence  upon  cer- 
tain individual  bodies,  but  alfo  upon  the  whole 
of  natural  fubftances,  in  order  that  we  may  ob- 
tain a proper  notion  of  its  general  or  univerfal 
action,  and  clefcribe  certain  confiant  effects, 
which  may  ferve  as  characters  to  eftimate  its 
power  and  diftindtive  qualities. 

3.  Two  opinions  are  maintained  by  natural - 
ifts  and  philofophers  refpeéting  the  origin  of 
light.  Some,  with  Newton,  derive  its  origin 
from  the  fun  and  the  fixed  ftars,  without  em- 
barrafting  themfelves  to  explain  how  it  happens 
that  this  luminary  is  not  exhaufted  ; becaufe 
they  account  for  this  by  the  extreme  fubtilty 
of  the  luminous  fluid  ; others,  with  Defcartes 
and  Euler,  place  its  exiftence  in  a fluid,  called 
the  ether,  a thoufand  times  rarer,  at  leaft,  than, 
air,  which  they  place  in  the  immenfity  of  fpace, 
and  to  which  the  extreme  celerity  of  the  mo- 
tion ot  the  fun  and  the  ftars  communicates  the 
rapidity  of  its  progrefs. 

'-x.  In  eithei  hypothefis  a fluid  is  admitted  ^ 
f'at  v hen  we  con  licier  the  cftebt  of  light  upon 
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our  eyes  merely  as  the  pro  du  <51  of  the  concuffion 
or  undulation  of  this  rare  fluid,  like  found 
which  conflits  only  in  the  vibrations  communi- 
cated to  the  ear  by  fonorous  bodies,  put  in  mo- 
tion according  to  the  fécond  hypothefis  of 
Euler,  we  manifeftly  depart  from  the  chemical 
fadts,  already  admitted  refpe cling  light,  which 
proves  that  it  adts  like  a body,  and  that  it 
obeys  the  force  of  attraction. 

5.  In  the  exhibition  of  the  properties  of  light, 
befides  the  beauty  of  the  brilliant  fpedlacle 
which  it  prefents  to  our  eyes,  in  the  experi- 
ments to  which  natural  philofophers  fubject  it; 
every  rcfult,  concerning  the  lingular  rarity  of 
this  body,  feems  to  be  miraculous,  as  well  as 
the  inconceivable  velocity  with  which  it  is  ani- 
mated, and  the  changes  it  produces  in  molt  of 
the  fub fiances  on  which  it  impinges,  or  through 
which  it  paffes. 

b.  The  prodigious  velocity  of  light,  calcu- 
lated by  Geometers,  is  fuch,  as  that  it  paffes 
through  forty  thoufand  myriameters,  or  eighty 
thouland  leagues  per  fécond  ; a fwiftnefs  which 
man  can  fcarcely  conceive,  becaufe  there  is  no 
other  velocity  to  which  it  can  be  applied  in  the 
way  of  comparifon.  Sound  paffes  through  more 
than  three  hundred  and  twenty-five  metres  in  a 
fécond,  and  the  velocity  of  light  is,  according 
to  Euler,  nine  hundred  thoufand  times  more  - 
fwift.  It  arrives  to  us  from  the  fun  in  eiirht 
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minutes,  and,  neverthelefs,  according  to  fome 
Geometers,  light,  from  its  departure  from  the 
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ncareft  of  the  fixed  ftars,  which  is,  in  truth,  at 
leaf:  four  hundred  thoufand  times  more  remote 
than  the  fun,  is  near  fix  years  in  its  progrefs  to 
our  eyes  ; fo  that  a ftar  placed  at  that  diftance, 
would  be  ftill  vifible  for  fix  years  after  its  de- 
flruCtion,  fuppofmg  that  procefs  to  take  place. 
How  grand  and  lublime  are  the  meditations, 
fuggefted  by  this  object,  on  the  immenfity  of 
fpace,  the  boundlefs  extent  of  the  univerfe,  the 
vaft  number  of  globes  which  traverfe  through 
it,  and  the  duration  of  time  which  they  meafure 
in  their  lllent  march  ! 

7.  Light,  on  its  arrival  or  incidence  upon 
our  globe,  is  infleCted,  and  approaches  to  the 
perpendicular  of  the  plane  of  the  body  it  palfes 
through,  when  it  is  received  in  a denfer  medium 
from  one  which  is  more  rare.  In  this  manner 
it  is  that  light  is  condenfed  by  Lenfes  ; the 
phenomenon  itfelf  being  known  under  the  name 
of  refraction.  The  fa6t  itfelf  proves  that  light 
is  ponderous,  or  is  attracted  by  bodies,  though 
we  have  no  balance  fo  accurate  as  to  determine 
its  weight. 

8.  It  pafles  through  certain  bodies,  denomi- 
nated transparent,  and  undergoes  a refraction 
which  is  proportioned  to  the  denfity  of  thole 
bodies,  if  they  be  incombuûible,  or  the  com- 
pound ratio  of  their  denfity  and  combuftibility, 
if  they  be  combuftible.  It  was,  by  the  meafure 
of  this  refraCtive  force  that  Newton  conjeCiured, 
long  before  the  experimental  difcoveries  of  che- 
miflry,  that  the  diamond  is  a combuftible  body, 

and 
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and  that  water  contained  a principle  of  inflam- 
mability. 

9.  It  is  flopped  by  the  furfaee  of  opaque  bo- 
dies, and  when  refleéted  by  that  furfaee,  it 
moves  again  in  a direction  contrary  to  its  firft 
motion,  or  returns  in  an  angle  nearly  equal  to 
that  of  its  incidence.  Hence  it  is  concluded 
to  be  the  mofl  elaftic  fubftance  in  nature. 

10.  The  vi Ability  of  all  bodies,  and  the  fpeéta- 
cle  which  the  nniverfe  offers  to  man,  not  only 
depend  on  this  motion  of  light  from  their  fur- 
face,  and  its  intromiffion  in  our  eyes,  where  it 
forms  the  image  of  objeéts  on  the  retina,  fo  as 
to  inform  us  of  their  exiftence,  their  figure, 
and  their  relative  diftance;  but  it  is  alfo  the 
caufe  of  thofe  colours  with  which  it  truly  paints 
ail  the  bodies  which  are  the  fubjeët  of  the 
faculty  of  vifion. 

11.  When  light  paffes  through  tranfparent 
and  denfe  bodies,  it  is  fcattered  or  divided  into 
a great  number  of  coloured  rays,  of  various 
tinges,  which  are  particularly  referred  to  feven 
colours,  called  primitive,  and  placed  in  the 
following  order,  from  the  lower  to  the  upper 
extremity  of  the  folar  fpectrum  ; that  is  to  fay, 
the  whole  of  the  coloured  ranges  which  are 
formed  by  the  light  received  in  a darkened 
chamber,  after  its  paffage  through  a glafs  prifm, 
and  projected  on  a white  paper  or  other  fub- 
fiance.  Thefe  feven  ranges  are  the  red,  oraime 
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yellow,  green,  blue,  indigo,  and  violet. 

12,  Does 
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12.  Does  this  effect  of  coloration,— for  the  co- 
tours  of  opaque  bodies  are  attributed  to  a iimi- 
lar  difperfion  of  light  from  their  furface,— does 
this  depend  on  the  decompofition  of  light  as 
fome  pliilofophers  have  thought  ? Light,  ac- 
cording to  this  hypothecs,  would  be  a com- 
pound body,  and  ought  no  longer  to  be  placed 
in  our  hrft  feCtion,  or,  at  leaft,  it  ought  not  to 
occupy  the  hrft  place,  as  the  molt  Ample  and 
moft  abundant  of  natural  bodies.  But  no  fact 
lias  yet  proved  this  pretended  decompofition  of 
light.  The  opinion  of  Euler,  who  confiders  the 
generation  of  colours  as  the  product  of  motion, 
or  vibrations  varied  according  to  certain  pro- 
portions, like  the  tones  which  are  diltinguilhed 
in  founds,  agrees  much  better  with  the  pheno- 
menon. 

13.  According  to  this  lait  doctrine*  the  fur- 
face  of  coloured  bodies,  when  it  receives  the 
luminous  rays,  communicates  to  them,  agreeably 
to  the  proper  nature  of  the  body  itfelf,  certain 
vibrations,  which  caufe  them  to  produce  in  our 
eyes  the  fenfations  of  different  colours.  Thefe 
colours  arefo  proportioned,  with  refpect  to  each 
other,  as  to  their  velocities  and  the  varied  fen- 
fations they  produce,  that  fome  irritate  and 
offend  the  organ  of  fight,  while  others  commu- 
nicate pleafure  and  delight.  Painters  are  well 
aware  of  thefe  agreements  or  disagreements, 
and,  like  mufieians,  they  exprefs  their  ex  qui- 
ftc  fenfations  in  this  refpect,  by  the  words 
harmony,  tone  of  colours,  &c. 
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14.  A fimilar  effect  takes  place  in  denfe 
tranfparent  bodies,  more  efpecially  in  prifms 
through  which  light  paffes.  Thefe  bodies, 
which  are  far  from  being  homogeneous  as  to 
their  particles,  agitate  the  luminous  rays  in  va- 
rious manners,  and  caufe  them  to  vibrate  fo  as 
to  reprefent  in  our  eyes  thofe  gradations  of  co- 
lour which  are  nothing  but  the  rays  themfelves 
moved  with  different  and  proportional  veloci- 
ties. Hence  it  happens  that  the  diffimilarity  of 
the  ffrata,  bubbles  of  different  fhickneffes,  and 
foreign  tranfparent  bodies,  interfperfed  between 
the  laminæ  of  giafs,  of  tranfparent  ftones,  pro- 
duce irifes,  coloured  reflections,  rings,  See. 
among  which  the  beautiful  colours  of  bubbles 
formed  in  fope  afford  a prominent  inftance. 

15.  Some  opaque  bodies  feem  to  reflect  all 
the  light  from  their  furface,  communicating  to 
its  mafs  an  equal  and  uniform  motion.  Thefe 
are  white  and  brilliant  bodies.  Others,  on  the 
contrary,  feem  to  abforb  it  totally,  and  to  re- 
tain it  without  communicating  any  motion. 
Thefe  are  dull  obfeure  bodies.  The  extreme  of 
this  laft  phenomenon  is  the  black  lhade,  or  per- 
fect obfeurity. 

16.  Though  all  the  preceding  properties  are 
phyfical,  neverthelefs,  many  of  them,  fuch  as 
refraction,  the  ftrong  coloration,  and  obfeurity, 
approach  to  chemical  properties,  becaufe  thev 
announce  an  attraction  of  compofition  between 
light  and  the  different  bodies,  which,  together 

with 


with  this  fuhftance,  contribute  to  produce  che- 
mical phenomena. 

17.  There  is  no  reafon  to  doubt  but  that 
light,  as  well  as  all  natural  bodies,  does  obey  the 
force  of  attraction  ; that  it  enters  into  the  com- 
bination of  various  compounds,  and  is  difen- 
gaged  in  many  decompofitions.  So  that  when 
we  obferve  it  difappear  within  fuch  bodies  as 
admit  it  ; as  when  a ftrong  ray  of  light  touches 
any  fuhftance,  and  returns  much  lefs  brilliant, 
or  when,  on  the  contrary,  we  obferve  in  many 
chemical  operations  made  on  obfcure  bodies,  that 
they  become  illuminated,  inflamed,  and  emit 
this  principle  at  the  moment  the  combinations 
take  place,  we  muff  conclude,  that  in  the  firft 
cafe  it  becomes  fixed  and  combined,  and,  in  the 
fécond,  difengaged,  fet  at  liberty,  and  emitted 
from  the  compounds  which  it  forms.  Such  is 
the  general  caufe  of  flame  and  phofpho- 
refcence. 

18.  We  fhall  fee  in  the  following  articles, 
that  it,  in  fadt,  efcapes  from  one  of  its  moft  fre- 
quent natural  combinations  during  combuftion, 
and  that  it  difappears,  is  fixed,  and  combines  in 
every  cafe  where  the  reverfe  phenomenon  takes 
place,  which  I have  denominated  decombuftion; 
fo  that  one  of  the  moil  ufeful  and  moft  ftriking 
expreffions  which  can  be  employed,  and  of  which 
1 fhall  very  frequently  avail  myfelf  to  reprefen t 
the  action  and  chemical  influence  of  light,  will 
be  the  word  to  unburn. 
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ip.  Though  we  cannot  explain  the  manner 
in  which  light  acts  upon  vegetables  and  vege- 
tation, the  flighted  attention  to  the  phenomena 
which  accompany  it,  and  the  refults  which 
characterize  it,  are  lufficient  to  prove  that  it  has 
a great  influence  in  the  production  of  thefe 
phenomena.  All  plants  which  grow  in  the 
fhade  are  pale,  loft,  watery,  and  infipid,  as  if 
hydropfical.  In  this  ftate,  they  are  laid  to  be 
bleached  or  blanched.  Gardeners  avail  them- 
felves  of  this  effiedt  of  the  abfence  of  the  fun 
and  the  light,  either  by  making  plants  grow  in 
fub terraneous  places,  or  by  tying  their  leaves 
clofe  together  in  order  to  procure  white  and  foft 
vegetables. 

20.  All  plants,  on  the  contrary,  which  are 
much  enlightened,  particularly  thofc  on  which 
the  direct  rays  of  the  fun  fall,  as  for  example, 
under  the  equator,  grow  more  rapidly  and  be- 
come upright,  foiid,  coloured,  fapid,  and  in- 
flammable. Thefe  daft  are  at  the  fame  time 
very  odorant,  and  lo  acrid  that  many  of  them 
are  poifonous.  A fimilar  difference  appears  in 
our  gardens  and  fields.  Such  plants  as  grow 
concealed  beneath  the  thick  grafs,  or  the  tii ady 
forefts,  or  fliaded  by  rocks,  are  contracted, 
fmall,  thin,  watery,  and  pale.  The  fame  plants 
are  hard,  ligneous,  bitter,  or  very  fapid,  when 
they  grow  in  the  open  fields. 

*21.  It  is  no  lefs  evident  that  light  ads  on 
living  animals  ; that  the  prefence  of  the  fun  is 
neceffary  to  maintain  their  life  and  healthy 

Hate. 
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ftate.  For,  not  to  mention  the  example  of 
thofe  animals  which  eagerly  court  the  prefence 
of  this  enlivening  luminary,  it  is  known  that 
men,  long  kept  confined  in  dole  and  obfcure 
places,  languifh,  become  weak,  lofe  their  co- 
lour, their  abtivity,  their  vital  energy,  and  that 
their  abforbent  fyftem  becomes  loaded  with 
fluids,  which  the  white  velfels  can  no  longer 
move  with  fufficient  celerity. 

22.  We  do  not,  in  this  place,  attempt  to  de- 
termine, what  is  the  theory  of  the  abtion  exer- 
cifed  by  light  on  fuch  minerals  as  it  unburns, 
and  alters  their  colour  and  their  nature  ; on 
thofe  vegetables  in  which  it  produces  the  green 
colour,  the  oil  and  the  refins,  or  on  animals 
of  which  it  enlivens  and  fupports  the  exiftence. 
This  will  be  the  fubjebt  of  feveral  articles  in  the 
following  fections.  In  the  prefent,  we  have 
endeavoured  only  to  exhibit  a general  proof  of 
the  chemical  influence  exercifed  by  light,  and 
the  attractions  of  compofition  to  which  it  is 
obedient.  It  is  evident,  that  there  cannot  be 
the  fmallefl  doubt  on  this  fubject,  after  what 
has  been  faid.  It  is  not,  therefore,  poffible  to 
think  with  Euler,  that  light  conflits,  like  found, 
in  the  mere  vibrations  of  the  ether,  produced  by 
the  motion  of  the  fun  and  the  fixed  ftars  ; for 
we  might  in  vain  attempt  to  produce,  by^  means 
of  found,  chemical  fabts  analogous  to  thofe 
which  owe  their  origin  to  light. 


Article 
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Of  Caloric . 

1.  THE  matter  which  produces  heat,  and  is 
named  caloric  by  chemifts,  is,  with  light,  the 
moil  abundantly  difFufed  of  all  bodies  through 
the  univerlal  fpace.  It  muft  confequently  adt  a 
very  important  part  in  the  phenomena  of  the 
world.  Philofophers  have  accordingly  con- 
lldered  it  in  all  ages  under  the  names  of  fire, 
heat,  and  matter  of  heat,  as  the  fubjedt  of  their 
moft  profound  and  fublime  meditations.  They 
have  confidered  it,  as  it  were,  the  foul  of  the 
univerfe,  the  firfl  mover  of  a numerous  progref- 
fion  of  events,  the  general  fource  of  all  motion, 
fluidity,  elafticitv,  and  even  life  itfelf.  With- 
out this  principle,  according  to  them,  inert  re- 
pofe  and  death  would  pervade  the  feene  of  the 
world.  And  it  is  for  reafons  of  this  kind  that 
I have  placed  it  the  fécond  among  natural  bo- 
dies in  the  order  I have  adopted. 

It  is  well  known  that  the  word  heat,  de- 
notes the  fenfation  produced  by  a certain  par- 
ticular body  ; that  this  term  can  give  only  a 
vague  and  indeterminate  idea,  becaufe  there  is 
nothing  which  varies  fo  much  as  our  fenfations; 
but  that,  neverthelefs,  it  is  agreed  by  all,  that 
the  abundance  of  the  calorific  principle  applied 
or  accumulated  in  our  bodies,  excites  the  fenfa- 
tion 


! 
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tion  of  heat,  while  the  diminution  or  fubftrad-* 
tion  of  the  fame  principle  is  attended  with  that 
of  cold.  It  is  this  principle,  fufcep cible  of  in- 
ereafe  and  diminution  in  bodies,  which  is  de- 
noted by  the  term  caloric. 

3.  Philofophers  and  naturalifts  have  enter- 
tained two  opinions  refpecting  the  caufe  of  heat. 
Some  have  confidercd  it  merely  as  the  confe- 
quence  of  motion  excited  among  the  particles 
of  bodies  ; while  others  have  attributed  it  to  a 
felf-exiftent  body  ; and  chemifts,  who  ftudy  its 
progrefs,  determine  to  a certain  point  its  quan- 
tity, or  at  leaft  its  proportion  in  different  lyf- 
tems  of  bodies  compared  together,  and  even 
eftimate  its  various  attractions,  have  a thou- 
fand  means  of  accumulating  the  proofs  of  the 
fécond  opinion.  It  is  to  them  that  the  term 
caloric  owes  its  origin,  which  they  have  adopt- 
ed to  diftinguilh  the  body  that  produces  the 
fenfation,  from  the  fenfation  itfelf  or  the  heat 
excited. 

4.  In  natural  philofophy  the  properties  of 
caloric  are  examined,  and  its  prefence  lhown 
by  the  feparation  of  the  particles  of  all  bodies, 
which  it  produces  by  infmuating  itfelf  between 
them  ; it  is  proved  that  it  penetrates  all  bodies, 
none  of  which  can  oppofe  any  obftacle  to  its 
reception  ; that,  in  common  with  all  other 
fluids,  it  tends  to  an  equilibrium  or  level  ; that  it 
dilates  folids,  and  rarefies  liquids  ; that  the  dila- 
tation of  the  former,  thus  effected,  produces  their 
liquefaction;  that  the  rarefaction  of  the,  fé- 
cond 
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eond  terminates  in  the  hate  of  elaftic  fluidity; 
that  in  whatever  quantity  it  is  accumulated  in 
bodies,  it  does  not  add  to  their  abfolute  weight  ; 
that  it  diminifhes  their  fpecific  gravity  by  add- 
ing to  their  volume,  and  that  we  can,  to  a cer- 
tain point,  exhibit  or  exprefs  the  quantity  of 
caloric  by  the  meafure  of  the  expanfion,  or  di- 
latation which  folids  or  liquids  undergo.  This 
laft  method  conhitutes  pyrometry  and  thermo* 
metry,  the  inftruments  of  which  are  called 
pyrometers  and  thermometers. 

5.  The  notions  of  chemihs  refpedting  this 
firft  quality  of  caloric  are,  in  fome  refpects, 
more  accurate  and  pofitive;  its  dilating  or  rarefy- 
ing aétion  is  confidered  as  the  effedl  of  attradfion 
or  a true  combination.  It  is  obferved,  that 
caloric,  in  proportion  as  it  penetrates  and  di- 
lates bodies,  does  really  combine  with  them, 
more  particularly  when  it  caufes  them  to  change 
their  hate  : that  is  to  fay,  when  it  caufes  them 
to  pafs  from  the  folid  to  the  liquid  hate,  or  from 
the  liquid  to  the  elaftic  ftate  : — that  in  this  man- 
ner during  the  fufion  of  folids,  thefe_  remain 
conftantly  at  the  fame  temperature,  or  in  the 
hate  of  heat  they  had  acquired  before  their 
fuhon,  until  they  are  rendered  completely  fluid; 

• — that  from  this  hate  after  the  hrh  rapid  forma- 
tion of  vapours,  liquids  do  not  continue  to  ac- 
quire heat  as  long  as  any  portion  remains  in 
the  hate  of  liquidity; — that  this  hationary 
temperature  is  owing  to  the  caloric  introduced 
and  accumulated  in  bodies  where  it  becomes 
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really  fixed,  and  combines  in  iuch  a manner  a;r 
not  to  affume  the  form  or  ftate  of  heat  until 


thofe  bodies,  being  faturated,  become  merely 
traverfed  by  the  caloric  which  is  then  added, 
and  paffes  forth  in  the  form  of  heat. 

6.  Chemins  have  the  fame  notions  refpePing 
the- conducting  property  of  bodies  with  regard 
to  caloric  ; that  is  to  fay,  the  fpeed  with  which 
certain  bodies  are  penetrated  by  caloric,  or  be- 
come hot,  or  the  flownefs  with  which  it  palfes 
through  certain  others  that  employ  a longer 
time  to  have  their  temperature  raffed.  Admit- 
ting that  the  former,  as  good  conductors  of  ca^ 
loric,  receive  this  principle  much  more  readily  be- 
tween their  particles  and  that  they  retain  it  much 
lefs  powerfully  than  the  latter,  they  attribute 
this  effect  to  their  chemical  attrapions,  and,  in 
fact,  the  conducting  property  appears  to  follow 
the  ratio  of  the  mutabilities  of  the  bodies  by 
heat  ; fo  that  a cylinder  of  charcoal,  which  may 


be  held  between  the  fingers  at  a fmall  diftance. 
from  an  ignited  part  without  burning  them,  is 
Scarcely  at  all  dilatable,  nor  fufible,  nor  vola- 
tile  : and  a cylinder  of  metal  which  becomes 

' . V 

fpeed ily  heated  in  its  whole  length,  dilates 
much,  is  fufible,  and  rifes  by  the  continued  ac- 


tion of  fire* 

?.  It  is  not  in  the  direp  ratio  of  the  rarity 
of  bodies,  or  the  inverfe  of  their  denfity  that 
bodies  are  dilatable  by  caloric  as  philofophers 
have  long  imagined.  Since  accurate  experi- 
ment's have  been  made  on  the  dilatability  of 

folids* 
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folids,  the  rarefaction  of  liquids,  and  the  expan- 
fion  of  gafes  by  caloric  ; hnce  the  nature,  the 
fabrication,  the  true  properties,  and  the  ufe  of 
thermometers  have  been  better  known,  it  is  ad- 
mitted that  this  augmentation  of  volume  in  bo- 
dies by  caloric,  depends  on  the  attraction  they 
have  for  it,  and  the  kind  of  alteration  it  is  capa- 
ble of  producing  in  them.  So  that  a metal  as 
a fufible  fubftance,  is  more  dilatable  than  a (tone 
which  is  lefs  fufible  or  altogether  infufible  ; and 
. alcohol,  which  is  liquid,  inflammable  and  very 
volatile,  is  more  rarefiable  than  water  which  has 
much  lefs  volatility, 

8.  It  has  been  difcovered  by  modern  expe- 
riments, that,  in  order  to  heat  different  bodies 
to  the  fame  degree,  it  is  neceffary  to  accumu- 
late in  each  of  them  different  quantities  of  ca- 
loric, or,  which  is  the  fame  thing,  thatthefe  dif- 
ferent bodies  elevated  to  the  fame  temperature, 
do  not  contain  the  fame  quantity  of  caloric. 
So  that  thermometers  do  not  really  indicate  the 
true  proportion  of  this  principle  in  bodies,  as  has 
long  been  imagined.  Thus  the  property,  which 
we  call  the  temperature  of  bodies,  does  not 
fhew  the  meafure  of  their  caloric,  but  merely 
the  degree  of  dilatation,  which  the  caloric,  they 
contain  in  a difengaged  ftate  is  capable  of  pro- 
ducing in  the  folid  or  liquid,  of  which  the 
thermometers  are  formed. 

• % 

9.  In  order  to  form  a true  conception  of  this 
, important  property  of  bodies  with  regard  to 

caloric,  we  muff  diftinguifh  this  laft  in  two 

M 2 fiâtes. 
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liâtes.  The  one,  in  which  it  is  at  liberty,  con- 
fti tuting*  what  we  call  heat,  penetrating  bodies 
in  fact,  but  merely  palling  through  them  with 
greater  or  lets  velocity  according  to  its  accu- 
mulation, to  fuch  other  neighbouring  bodies  as 
contain  a lefs  quantity.  The  other  hate  in 
which  it  is  combined,  concealed,  orlatent,  with- 
out exhibiting  its  prefence  by  the  thermometer. 
When  any  body  whatever  is  expofed  to  caloric, 
it  is  either  capable  of  combining  with  it  in  dif- 
ferent proportions,  or  it  is  not.  Bodies  of  the 
firft  kind  being  much  more  numerous  than  the 
fécond,  as  foon  as  molt  of  them  are  heated,  the 
caloric  w hich  penetrates  and  dilates  them  com- 
bines m a greater  or  lefs  quantity  with  their 
particles,  a portion  always  remaining  at  liberty, 
while  another  becomes  latent  ; fo  that  as  thefe 


two  portions  conffantly  vary  in  their  relative 
magnitudes  according  to  the  different  nature 
of  bodies,  it  follows  that  there  muff  be  a cor- 


responding 


difference  between  the  rife  of  the 


thermometer  and  the  true  quantity  of  caloric 

contained  in  bodies. 

10.  Attempts  have  Been  made  to  explain  this 
property,  by  fuppofing  that  the  particles  of 
caloric,  which  are  interpofed  between  thofe  of 
bodies,  or  among  their  pores,  find  thofe  pores 
more  or  lefs  numerous,  and  of  different  magni- 
tudes. So  that  by  conlidering  this  introduction 
of  caloric  with  rèfpeéi  to  bodies,  as  refembling 
the  contents  of  a veffel  with  regard  to  fluids 
w ith  which  it  may  be  filled,  the  property  of  con- 
taining; 
o 
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ta  ini  ng  more  or  Ids  of  caloric,  and  of  requiring 
different  quantities  to  arrive  at  the  fame  ele- 
vation of  temperature,  has  been  termed  capacity 
for  heat  or  caloric.  This  is  the  firnple  idea 

A 

given  by  Lav  oilier  in  his  treat  i lb  of  chemiftry. 

11.  But  if  the  capacity  of  bodies  for  caloric 
were  limply  the  meaiure  of  their  contents  and 
depended  only  on  the  number  and  magni- 
tude of  their  pores,  it  would  necelfarily  fol- 
low that  their  light  nefs  with  refpect  to  each 
other  would  be  a certain  indication  of  this  ca- 


pacity. But  nothing  would  be  more  falfe  than 
this  eftimate;  for  there  are  m any  bodies  known 
•in  chemiftry  which,  though  folid,  contain  more 
fpecific  heat  than  certain  elaftic  fluids. 

12.  Every  fad,  on  the  contrary,  announces 
that  this  capacity  is  the  refait  of  a chemical 
force  of  the  attraction  of  the  particles  of  caloric 
to  the  particles  of  different  bodies,  and  of  the 
change  which  thefe  two  kinds  of  particles  un- 
dergo, by  their  approach  and  mutual  c onde  illa- 
tion to  a greater  or  lefs  degree  according;  to 
their  relative  attraction.  When  caloric  is  in- 


troduced into  a body,  its  flrft  effect  is  to  in- 
creafe  the  diftance  between  its  particles,  becaufe 
its  own  particles  lodge  themfelves  between  thole 
of  the  body  itfelf,  and  enlarge,  by  their  elafti- 
city,  the  fpaces  which  feparate  them  ; but 
fpeedily  as  they  accumulate  they  undergo  a 
comprelfion,  which  is  greater  .in  proportion  to 
the  attraction  exifting  between  the  particles  of 
bodies  and  thofe  of  caloric.  The  accumulable 
quantity  is,  therefore,  according  to  the  ratio  of 

its 
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its  attraction  for  the  particles  among  which  it 
penetrates  ; and  the  capacity  for  caloric  in  bo» 
dies  is  nothing  more  than  an  expreffion  denot- 
ing  their  attraction  for  that  principle. 

13.  This  effect  of  the  reparation  of  the  parti- 
cles of  bodies  by  caloric,  and  the  compreffion 
of  the  proper  particles  of  caloric  between  thofe 
of  the  bodies  in  which  it  is  accumulated,  an- 
nounce a great  eiafticity  and  fpring  in  thofe 
laft  particles.  Natural  philofophers  and  mo- 
dern chemifts,  therefore,  confider  caloric  as  the 
mod:  elaftic,  the  moft  compreffible,  and  the  mo  ft 
dilatable  fubftànce  in  nature;  and  accordingly, 
they  avail  themfelves  of  this  property  to  explain 
the  elafti city,  the  compreffibility,  and  the  fpring 
communicated  in  fo  high  a degree  to  all  bodies 
by  the  accumulation  of  this  principle. 

14.  As  the  capacity  for  caloric  varies  in  diff 
ferent  bodies,  and  as  from  this  circumftance 
each  body,  though  elevated  to  the  common 
temperature,  contains  a different  quantity  of 
caloric,  the  ratios  of  thefe  quantities  have  been 
denominated  fpecific  heats.  Thefe  fpecific  heats 
are  meafured,  1.  By  mixing,  after  the  method 
of  Crawford,  two  bodies  in  the  fame  date,  that 
is  to  fay,  both  folid  or  both  liquid,  after  having 
heated  them  to  different  temperatures,  and  tak- 
ing notice  of  the  temperature  they  acquire  by 
mutual  communication.  The  differences  be- 
tween this  temperature  acquired  by  the  mixture, 
and  that  which  each  of  the  bodies  had  before 
their  contact,  give  the  ratio  of  their  capacities. 

But 
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But  it  is  neeeffary,  in  order  to  iuftify  this  calcu- 
lation,  that  the  bodies  themfelves  fhould  not 
aft  chemically  upon  each  other,  and  it  is  alfo 
neeeffary  to  prevent  a portion  of  their  caloric 
from  beino*  carried  oft'  by  the  veffels  in  which 

* O 

the  experiment  is  made  ; whence  it  follows  that 
this  method  is  often  deceptive  and  very  fre- 
quently impracticable.  2.  The  procefs  of  La 
Place  and  Lavoifier  is  much  more  ufeful.  It 
confifts  in  heating  different  bodies  to  the  fame 
degree  of  the  thermometer  and  afterwards  plung- 
ing them  in  an  infiniment  which  may  be  ima- 
gined to  be  an  hollow  ball  of  ice,  or  folid  water, 
where  they  are  to  be  kept  until  they  have  ac- 
quired the  temperature  of  Zero;  and  an  account 
is  to  be  kept  of  the  quantity  office,  which  each 
of  them  has  caufed  to  become  fluid  in  order 
to  arrive  at  this  ftandard  temperature.  The 
infiniment  ufed  in  this  excellent  operation  is 
called  the  calorimeter. 

15.  By  multiplying  experiments  with  the  ca- 
lorimeter, modern  chemifts  have  afeertained, 
that  bodies  vary  in  their  capacity  for  caloric, 
by  changing  their  ftate,  that  is  to  fay,  by 
pafling  from  the  folid  to  the  liquid  ftate,  and 
from  this  laft  to  the  ftate  of  gas.  Hence  it  is, 
that  two  equal  portions  of  the  fame  body, 
in  the  fame  ftate,  two  hectograms,  for  example, 
of  liquid  water,  unequally  heated,  the  one,  for 
inftance,  to  30  degrees  of  the  thermometer, 
and  the  other  to  ten,  acquire,  when  accurately 
rnixed,  the  mean  temperature  between  both, 
that  is  to  fay,  20  degrees;  whereas,  equal  quan- 
tities 
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titles  of  the  fame  body,  in  two  different  ftates, 
the  one  folid  and  the  other  liquid,  heated  un* . 
equally,  do  indicate,  by  the  common  tempera- 
ture, after  their  mixture,  a deviation  from  this 
law.  Thus,  one  hectogram  of  ice  (or  water 
frozen  to  the  temperature  of  Zero)  and  one  hec- 
togram of  liquid  water,  at  60  degrees,  indicate, 
by  their  mixture,  the  temperature  of  Zero, 
or  0°. 

] 6.  Every  portion  of  caloric,  which  being  at 
liberty  and  imparting  heat,  is  found  to  difappear 
in  combination,  and  no  longer  to  afford  the  fame 
temperature  as  in  the  laft  refult  mentioned  in 
the  preceding  paragraph,  does  itfelf  enter  into 
combination,  lofes  its  charadler  and  property, 
no  longer  paffes  through  other  bodies,  nor  raifes 
the  thermometer,  but  has  palled  from  a ftate  of 
liberty  or  difengagement  to  a ftate  of  compofi* 
lion.  This  caloric  is  become  latent,  according 
to  the  happy  expreffion  of  Black.  It  may  be 
Tlieafured  as  in  its  other  ftate,  but  by  proceffes 
more  complicated  and  lefs  immediate.  It  is 
announced  by  the  diminution  of  temperature 
or  exhibition  of  cold,  which  accompanies  all 
the  combinations  in  which  caloric  is  in  this 
manner  engaged. 

17.  All  caloric,  which  from  a combined  or 
latent  ftate,  paffes  to  the  ftate  of  free  caloric, 
fenfible  to  the  thermometer,  and  meafurable  by 
the  quantity  of  ice  it  may  fufe,  is  the  product 
of  the  deftruction  of  a former  combination,  or 
of  the  change  of  chemical  ftate  in  bodies  ; and 
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this  di rengagement  ought  to  be  reckoned 
among  the  products,  and  an  exaét  account 
taken  of  it  in  chemical  experiments,  and  its 
proportion  accurately  afcertained  by  the  pro» 
cefs  of  the  calorimeter. 

18.  By  noting  exactly  the  proportion  of  ca- 
loric which  difappears,  or  combines,  and  that 
which  is  difengaged  and  exhibited  in  combi- 
nations, and  by  comparing  them  together,  in  a 
great  number  of  different  operations,  three  re- 
fults  have  been  obtained,  which  are  equally  im- 
portant in  chemical  theory.  À.  Caloric,  like 
all  other  bodies,  obeys  the  confiant  laws  of  the 
attraction  of  compofition,  and  has  for  different 
bodies  different  degrees  of  relative  attraction. 
B.  Bodies  in  combination  change  their  capacity 
for  caloric  ; that  is  to  fay,  after  their  combi- 
nation they  contain  different  quantities  of  ca- 
loric, fometimes  greater  and  fometimes  lefs 
than  they  pofleffed  before  that  change.  C.  In 
every  cafe,  when  in  the  change  of  bate  of  bo- 
dies, or  their  entering  into  combination,  there 
is  a diminution  of  free  heat  or  abforption  of  ca- 
loric, the  quantity  dimini  died  or  ablorbed,  will 
again  appear  without  lofs,  when  thofe  bodies 
ffiall  recover  their  former  bate,  or  when  the 
combinations  fhall  be  deftroyed  ; and  on  the 
contrary,  whenever  in  a change  of  bate  or 
. combination  there  is  an  increafe  of  heat  or  dif- 
engagement  of  caloric,  this  heat  will  difappear, 
or  the  caloric  will  be  abforbed,  as  foon  as  the 
fubftances  fhall  return  to  their  firb  bate.  By 
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generalizing  this  refait,  Lavoifier  and  La  Place, 
to  whofe  labours  it  is  due,  cxprefs  themfelves 
thus  : All  the  variations  of  heat,  which  a fyftem 
of  bodies  undergo  in  changing  their  date,  are 
produced  in  an  inverfe  order,  when  the  fyftem 
returns  to  its  firft  condition. 

î Q,  The  whole  of  the  preceding  obfervations 
prove  that  caloric  is  not  a frniplç  modification 
of  matter,  that  it  does  not  con  lid,  as  iome  phi- 
lofophers  have  thought,  in  a more  or  Ids  rapid 
motion  of  the  particles  of  bodies,  but  that  it 
exifis  as  a peculiar  body  not  ponderable,  very 
elaftic,  very  compreffible,  dilatable,  i object  to 
the  attraction  of  compofition  ; inceifantly  en- 
tering into  combinations,  or  feparating  itfelf  in 
others;  fat  urating  bodies  after  its  own  manner; 
changing  their  date  and  their  properties  ; not 
putting  itfelf  into  equilibrium,  except  in  bodies 
whicli  are  already  faturated  ; changing  their 
dimenfions  and  volume  incedantly  ; itfelf  pof- 
fefdug  very  variable  degrees  of  motion  or  velo- 
city, according  to  the  impreffions  it  receives, 
and  the  attraction  by  which  it  is  incedantly 
agitated  ; difperfed  through  fpace  with  an  im- 
menfe  liberality  by  nature,  and  performing  an 
important  part  in  every  kind  of  phenome- 
non. 

20.  When  caloric  is  in  a certain  refpedt  de- 
veloped by  friction,  fo  as  to  excite  a drong  de- 
gree of  heat,  as  is  obferved  in  doues,  in  metals, 
and  in  the  woody  fibres;  the  phenomenon  con- 
fifts  in  a rapid  motion,  communicated  to  it, 
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which  is  the  confequence  of  its  fpring  being 

put  into  action  by  preffure.  An  idea  which  has 
been  given,  by  comparing  the  emiflion  of  this 
body  to  water,  preifed  out  of  a fponge,  is  very 
remote  from  the  real  fact,  on  account  of  the 
incompreffibility  of  the  water,  which  in  .that 
cafe,  is  the  caufe  of  its  efflux  during  the  com- 
predion  of  the  fponge  ; whereas,  in  the  other 
cafe,  the  caloric  itfeif,  which  being  many  mil- 
lions of  times  more  compreffible  than  the  fponge, 
recovers  itfeif  fpeedily,  by  its  fpring,  and  ilfues 
out  of  bodies,  of  which  the  particles  being  in^ 
confiderable,  when  compared  with  its  own,  imi- 
tate rather  the  water  contained  in  the  fponge 
than  the  fponge  itfeif. 

21.  It  is  not  necelfary,  in  order  to  form  a 
proper  conception  of  the  properties  of  caloric, 
that  we  fhould  fuppofe  a repulfive  force,  which 
fome  modern  philofophers  have  imagined,  un- 
lefs  the  adoption  of  this  force  fliould  be  confi- 
dered  as  denoting  the  incalculable  fpring,  which 
caloric  polfeffes.  But  it  is  more  ufeful  to  at- 
tend to  its  proper  nature,  and  to  inquire  whe- 
ther it  differs  from  all  other  known  bodies,  or 
refembles  fome  of  them  ; that  is  to  fay,  in  a 
word,  to  fix,  with  precifion,  what  it  is  we  know 
of  the  intimate  nature  of  caloric,  without 
tracing,  in  this  place,  ail  the  hypothefes  which 
have  been  imagined  refpe cling  this  part  of  na- 
tural philofophy,  which  has  long  been  fubjedl 
to  the  fimple  power  of  the  imagination,  previ- 
ous to  the  difcovery  of  procelfes  capable  of  in- 
forming 
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forming  the  philofophical  world,  and  diffipating 
the  fuppofitions  which  had  been  univerfally  ad- 
mitted. 

22.  As  long  as  the  effects  of  heat  were  con- 
founded under  the  generic  term  of  tire,  name- 
ly, its  rarefaction,  its  motion,  its  light,  and 
even  the  frill  more  remote  or  independent  effects 
which  belong  to  combuftible  bodies,  in  Some 
inftances  fuppofed  to  contain,  and  in  others, 
to  produce  fire,  it  has  been  conftantly  repre- 
fented,  or  rather  the  imagination  of  philoso- 
phers have  figured  this  body,  as  compofed  of 
very  minute  and  very  moveable  particles  incef- 
fantly  agitated,  and  attacking  all  other  bodies, 
which,  in  a certain  fenfe,  become  its  prey  and 
its  aliment.  But  all  thefe  notions  are  very  far 
from  being  accurately  applicable  to  caloric. 
When  fire  was  imagined  to  be  fixed  or  confined 
in  bodies,  and  in  this  hate  denominated  phlo- 
giston by  Stahl,  a principle  afterwards  consi- 
dered, by  Macquer,  as  the  fame  thing  with 
light,  the  error  was  not  lefs  ; for,  in  moft  cafes, 
caloric  produces  effects  entirely  oppofite  to  that 
which  the  partisans,  of  Stahl  have  attributed  to 
phlogifton  ; — -when  weobferve  the  illuftrious  che- 
mifts,  S'cheele  and  Bergmann,  attributing  to  heat 
and  light  a very  compounded  nature,  and  ad- 
mitting, even  in  their  comparative  composi- 
tion a different  proportion  of  the  two  princi- 
ples which  they  thought  they  had  extracted 
from  them,  or  with  which  they  imagined  they 
had  compofed  thefe  fubftances,  as  I iliall  have 

occafion 


SIMPLE  BODIES  : — CALORIC. 


IBS 


occafion  hereafter  again  to  remark  ; — we  may 
obferve,  as  Euler  did,  with  regard  to  Newton 
himfelf,  on  the  fubjedl  of  the  e million  of  light 
from  the  fun,  that  there  is  no  opinion  fo  erro- 
neous, fo  extraordinary,  or  even  fo  ahfurd,  but 
is  capable  of  infinuating  itfelf  into  the  reafon- 
Ings  of  the  moll  profound  philofophers  and 
lublimefl  of  men. 

23.  But  the  comparifon,  which  the  more  mo- 
dern philofophers,  and  particularly  my  illus- 
trious friend  Monge,  have  ellabliflied  between 
caloric  and  light,  fo  as  to  confider  thefe  two 
effects  as  the  prod u 61  of  modifications  of  the 
fame  body,  is  entitled  to  much  more  attention. 
It  is  eftablilhed  on  a great  number  of  experi- 
ments ; it  naturally  and  limply  explains  moft 
of  the  phenomena  ; and  it  agrees  with  the  fub- 
lime  economy  of  nature,  which  multiplies  ef- 
fects much  more  than  the  bodies  which  pro- 
duce them. 

24.  In  this  opinion,  which  I mult  neverthelefs, 
with  its  original  author,  prefent  as  an  hypothe- 
cs, becaufe  it  is  not  yet  proved,  with  fufficient 
ftridlnefs,  to  be  admitted  among  the  number  of 
precife  fadis,  caloric  and  light  are,  as  it  were, 
two  Hates  or  modifications  of  the  fame  body, 
namely,  fire  itfelf.  In  the  firlt  it  is  more  di- 
vided, more  Scattered,  poffeffes  a flower  motion, 
ilrikes  bodies  lefs  forcibly,  moves  them  with 
lefs  violence,  and  requires  to  be  gradually  ac- 
cumulated, in  order  to  produce  fenfible  effects. 
In  the  fécond  it  is  more  denfe,  more  adtive, 
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more  rapidly  agitated,  it  impels  bodies  wittï 
power,  and  produces  a certain  effect  at  the  firff 
impulfe. 

Fire  is  difengaged,  and  thows  itfelf  in  the 
form  of  heat,  when  it  is  gently  and  fiowly 
driven  out  of  bodies  into  the  compofition  of 
which  it  entered  ; but  it  dimes  in  the  form  of 
light  when  it  dies  out  of  compounds,  in  a very 
compreffed  date,  by  a drift  motion. 

£5.  According  to  this  ingenious  hypothetic, 
caloric  may  become  light,  and  light,  on  the 
other  hand,  may  become  caloric.  For  this  pur- 
pole  it  is  only  neceffary  that  the  firft  diould  a£- 
fume  more  rapidity  in  its  motion,  and  the  fé- 
cond undergo  a diminution  of  velocity.  Thus 
it  is,  that  by  ftrongly  compreffing  heated  bo- 
dies and  linking  them  with  repeated  blows,  they 
become  ignited  or  emit  light,  and  thus  it  is 
that  in  aim  oft  all  the  experiments  of  chemiftry 
as  well  as  in  the  phenomena  of  nature,  violent 
heat  is  very  near  the  point  of  inflammation, 
and  is  coniidered  as  the  fi'rft  degree,  or  the  ne- 
•ceffary  previous  circumftanee.  Thus,  in  the 
: chemical  decompodtion,  the  matter  of  fire  may 
difengage  itfelf  under  both  thefe  forms  at  once, 
and  the  proportion  of  light  and  heat  which  are 
developed,  depend  on  the  quantity  of  motion 
impreffed  on  this  fubftance,  as  well  as  the  dif- 
ferent degrees  of  force  and  energy  which  cha- 
- racier ife  the  different  periods  of  this  decompo- 
lit  ion,  . . 
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The  individual  effects  which  are  pro- 
duced either  in  chemiftry  or  in  natural  philofd- 
phy,  by  light  and  caloric,  and  require  to  be 
diftiiip-uifhcd  from  each  otlier,  do  not  form,  as 
has  been  thought,  any  real  objection  againft 
their  identity  of  nature  ; though  they  may  be 
fufficient  to  induce  us  to  treat  them  diftinéily 
from  each  other,  and  to  confider  them  even  as 
two  different  re-agents,  becaufe  in  thole  two 
ftates  this  agent  may  aft  a different  part  and  be- 
come a double  infiniment  of  analyfis,  it  is  eafy 
to  explain  by  the  different  rapidity  of  the  mo- 
tion of  the  firft  matter  which  conftitutes  them, 
and  by  the  varied  manner  in  which  it  flrikes 
bodies,  and  tends  to  decompofe  them,  all  that 
diverfity  even  in  the  refaits  which  follow  whe- 
ther in  the  ftate  of  light,  or  in  the  Hate  of  heat, 

27.  By  admitting  this  ingenious  hypothecs, 
we  fhall  alfo  find  an  eafy  folution  of  feveral 
phenomena  which  would  otherwife  remain  with- 
out explanation. 

In  the  firft  place,  if  caloric  itfelf  be  not  really 
hot,  it  is  eafily  conceived  how  it  may  become 
heated  by  the  movement,  the  expanfion,  and 
fpring  which  is  communicated  to  it  whenever  it 
is  compreffed  ; and  as  it  is  of  all  bodies  the  moil 
compreffed,  the  linalleft  degree  of  preffure,  will, 
in  faff,  be  fufficient  to  communicate  this  mo- 
tion. Thus  it  is,  that  by  rubbing  or  ftriking 
a flone,  a metal,  or  a piece  of  wood,  the  par- 
ticles of  caloric  lodged  in  their  pores  are  comb 
preffed,  its  fpring  is  rendered  active,  and  it  is 
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made  to  appear  in  the  form  of  fenfible  heat 
more  or  lefs  in-tenfe. 

A fécond  phenomenon  equally  unexplained 
to  this  time,  is  that  which  Scheele  has  called  ra- 
diant heat.  It  is  this  ftrong  and  powerful  heat 
which  is  difengaged  from  a ftove,  projected  in 
all  directions  in  rays,  not  defleéled  by  the  cur- 
rents of  air,  which  does  not  expand  nor  combine 
with  it,  neither  does  it  give  the  vaporous  hate 
to  water,  but  is  reflected  by  tranfparent  bodies, 
or  glades,  without  being  tranfmitted,  at  le  alt, 
with  any  confiderable  degree  of  rapidity.  We 
here  obferve  caloric  in  a more  violent  and  more 
rapid  ftate  of  motion  than  conftitutes  ordinary 
heat,  beginning,  as  it  were,  to  affume  the  chara- 
ter  of  light,  and  fufceptible  of  being  refledled  in 
the  fame  manner  by  polifhed  metallic  plates. 
Hence  Scheele  defcribes  it  as  having  a certain 
re  fern  b lan  ce  to  light  without  being  luminous, 
and  diftinguifhes  it  carefully  from  heat,  pro- 
perly fo  called,  which  being  combined  with  the 
air,  efcapes  writh  it  through  the  chimnies  of 
furnaces. 

28.  The  numerous  and  varied  effedts  of  calo- 
ric in  the  phenomena  of  nature  are,  in  every  in- 
liant,  renewed  in  the  prôceffes  of  the  arts,  and 
are  more  efpeçially  converted  to  advantage  by 
chemifts,  who  make  frequent  ufe  of  them,  to 
appreciate  their  juft  value,  and  know  in  what 
cafes  to  employ  them,  wherein  it  is  neceffary  to 
determine  precifely,  the  general  and  particular 
mode  of  action  of  caloric  on  different  natural 
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Bodies*  It  has  already  been  obferved,  that,  by 
its  interpoiition  between  the  integrant  particles 
of  bodies,  caloric  feparat.es  the  particles  of  fo- 
lids,  and  dilates  them.  This  reparation  cannot 
be  made  without  diminifhing  the  attraction  of 
thofe  particles,  and  when  the  diminution  has 
taken  place  to  a certain  point,  the  body  lofes 
its  folidity,  becomes  fluid,  and  the  operations 
called  fuiion,  liquefaction,  &c.  are  conflituted, 
which  may  be  confidered  as  the  periods  at  which 
by  the  introduction  of  caloric  into  bodies,  its 
expanfive  force  predominates  over  that  of  the 
particles  themfelves  to  the  deftrudtion  of  the 
folid  ftate.  We  may  like-wife  confider  fufion  as 
a combination  of  the  folid  With  caloric,  and, 
on  this  account  it  is,  that  while  any  portion  of 
a folid  remains,  which  requires  the  abforption 
of  caloric  in  order  to  its  fufion,  the  temperature 
or  heat  will  not  increafe,  becaufe  every  addi- 
tional  portion  of  caloric  becomes  latent,  in 
combination  with  the  folid  as  it  approaches  it. 

09.  By  continuing  to  accumulate  caloric  in 
a body  already  liquid,  of  which  the  pores  admit 
-a  greater  or  lefs  quantity,  this  compreffed  calo- 
ric combines  more  intimately,  and  perfectly 
with  the  particles  of  bodies  and  continues  to 
feparate  them,  to  diminifh  their  mutual  attrac- 
tion, and,  at  length,  when  its  proportion  is  be- 
come confiderable,  it  completely  diffolves  thofe 
particles,  renders  them  invifible,  and  converts 
them  into  vapour,  by  imparting  to  them  elaftic 
fluidity  or  the  ftate  of  gas.  The  gafes,  or  elaftic 
. Vol.  I.  N fluids, 
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fluids,  fiich  as  the  air  we  breathe,  may  be  de- 
fined as  folutions  in  caloric,  which  is  the  can  lb 
of  their  invifibility,  their  rarity,  compreifibility, 
expanfibility  ; and  thus  it  is  that  chemifts  em- 
ploy heat  to  evaporate,  to  reduce  into  ga3,  to 
fublime,  and  to  diftil  the  different  fubftances 
with  which  their  operations  require  thefe  pro- 
cédés refpecHvely  to  be  performed. 

30.  In  the  various  operations  wherein  caloric 
may  be  coniidered  as  a true  folvent,  it  exer- 
cifes  an  attraction  which  is  the  more  powerful 
on  the  fub fiances  It  holds  in  folution  ; the  more 
abundantly  this  principle  is  employed,  and  the 
lalit  particles  of  heat  which  are  added,  comprefs 
and  more  ftrongly  attach  the  former  particles 
which  had  been  introduced.  Hence  it  follows, 
that  the  adherence  which,  in  this  cafe,  is  con- 
tracted by  the  particles  of  different  bodies  to 

<tr  Jk 

thofe  of  caloric,  proceeds  fo  far  as  to  diminifh 
their  attraction  for  thofe  of  other  bodies,  whence 
it  frequently  happens  that  the  gafeous  ftatey 
communicated  by  caloric,  becomes  an  obflacle 
to  the  combination  of  bodies,  and  affords  the 
means  of  feparating  the  principles  of  a com- 
pound when  brought  into  this  ftate. 

31.  If,  inftead  of  accumulating  caloric  in 
bodies  fo  as  to  convert  them  into  gas,  and  com- 
bining them  intimately  with  the  proper  parti- 
cles of  -heat,  the  parts  of  bodies  be  merely  fe~ 
parated,  fo  as  to  diminifh  the  attraction  of  ag- 
gregation, their  power  of  combining  with  other 
bodies  becomes  in  created  in  the  fame  propor- 
tion. 
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tion.  Thus  it  is,  that  the  application  of  heat  is 
frequently  fo  ufeful  in  laboratories,  to  effect 
folutions,  digeftions,  infufions,  and  many  other 
fynthetical  phenomena,  of  which  the  objedt  is 
to  unite  and  combine  different  bodies  with  each 
other.  Heat,  in  all  thefe  cafes,  adls  by  deftroy- 
ing  the  aggregation  of  bodies. 

32.  Frequently  when  caloric  is  applied  to 
compound  bodies,  it  is  found  that  the  particles 
of  this  agent  have  a ftronger  attradlion  for  fome 
of  the  principles  of  the  compound  than  that 
which  holds  the  principles  united  together.  In 
this  cafe,  the  principles  which  are  fufible,  vola- 
tile, or  capable  of  affirming  the  ftate  of  gas  by 
caloric,  obey  this  particular  attradlion,  and  by 
feparating  themfelves  from  the  others  which 
are  not  capable  of  the  fame  combination  with 
caloric,  they  effedl  the  decompofition  of  com- 
pounds. This  procefs  is  very  frequently  feen  in 
evaporation,  fublimation,  roafting,  calcination, 
diftillation,  & c.  When  a few  principles  are  thus 
volatilized  feparately,  and  without  combination 
with  each  other,  by  thus  quitting  other  fixed 
principles  alfo  few  in  number,  which  likewife 
do  not  unite  with  each  other;  or,  to  ftate  the 
effedl  more  fimply,  when  a binary  compound  of 
a fixed  and  volatile  body  is  treated  by  heat,  the 
refult  of  the  operation  is  a fimple  or  true  de- 
compofition. 

33.  But  if  the  caloric,  applied  to  a compli- 
cated compound,  Ihould  adt  very  differently  on 
its  principles, — if  it  tend  to  volatilize  feveral  at 
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the  fame  time,  and  to  favour  their  union  ht 
another  proportion  and  different  order  ; if  it 
even  permits  the  fixed  principles  to  re-act  fepa- 
ratelv  on  each  other,  fo  as  ultimately  to  form 
from  an  original  compound  feveral  other  diffe- 
rent compounds,  the  effect  of  heat  is  then  a 
complex  or  falfe  decompofition  ; — an  effect 
which  frequently  takes  place  in  analyfes  by  lire, 
in  defecations  by  ftrong  heat,  in  calcinations 
for  a length  of  time,  and  in  deffrubtive  di filia- 
tions. The  fame  eaufe  and  the  fame  refult  is 
alio  obferved  in  tliofe  fpontaneous  alterations 
which  take  place  in  vegetable  or  animal  liquids 
in  a gentle  heat  or  moderate  temperature,  which 
are  known  by  the  names  of  the  vinous,  acid, 
and  putrid  fermentations,  &c.  We  fee,  there- 
fore, that  the  adfion  of  caloric  more  or  lefs  ac- 
cumulated, is  of  the  greatef  utility  to  che- 
mifts,  and,  by  varying  its  quantity  and  applica- 
tion, we  obtain  a great  number  of  different 
effects,  and  that  it  is  with  feme  appearance  of 
reafon  that  ehemifts  were  formerly  denominated 
philofbphers  by  fire. 

54.  Having  thus  far  deferibed  abtive  caloric, 
or  heat,  as  the  iour-ce  of  a great  number  of 
effects,  and  the  means  of  operation  in  many 
chemical  precedes,  it  will  not  he  d iff  cult  to 
conclude  from  a companion  of  all  the  e ffebfs, 
that  the  abfence  of  caloric,  or  a fubtrabffon  of 
that  principle,  muff  oppofe  every  chemical  at- 
traction, all  decomposition,  and  alteration  of 
compounds.  Chemiits  accordingly  often  avail 
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themfelves  with  much  advantage  of  this  priva- 
tion of  caloric,  in  order  to  prevent  the  effect  of 
chemical  action  ; to  impede  the  too  powerful 
energy  of  folutions,  combinations,  and  clecom- 
pofitions  ; to  limit  them  to  certain  degrees,  or 
to  prevent  thofe  fpontaneous  changes  which  do 
not  fail  to  take  place  in  certain  compounds,  if 
they  remain  for  a time  expofed  to  a temperature 
fufficiently  elevated  to  favour  the  mutual  adtion 
of  their  principles.  By  thefe  means,  namely, 
by  a cold  temperature,  vegetable  and  animal 
fubftances  are  preferved;  and  thus  it  is  that 
the  vicinity  of  an  ice  houfe,  or  a place  in  which 
the  temperature  is  low  and  Ready,  as  in  certain 
caves  and  cellars,  of  which  the  heat  never  ex- 
ceeds 10  degrees  of  Reaumur,  are  fcarcely  lefs 
ufeful  to  the  chemift  than  a furnace  at  its  diffe- 
rent decrees  of  heat. 

35.  It  has  even  been  difcovered,  within  a few 
years,  that  a conlidcrable  privation  of  caloric  or 
depreffion  of  temperature  beneath  that  of  melt- 
ing; ice,  modifies  the  elective  attractions  fo  con- 
fiderably  that  decompofitions  are  produced  at 
this  temperature,  which  will  not  take  place  at 
another  more  elevated.  This  obfervation  is 
more  efpecially  applicable  to  the  faits,  properly 
fo  called,  which  act  upon  each  other  in  a very 
Angular  manner,  when  their  folutions  are  ex- 
pofed to  a temperature  feveral  degrees  below 
that  at  which  ice  melts  ; effects  which  are  fuf- 
ficiently remarkable  to  flipw  that  it  will  here- 
after be  neccffary  to  add  new  columns  to  the 
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tables  of  chemical  attraétion,  to  reprefent  the 
effeéts  which  take  place  below  the  point  of  con- 
gelation. And  we  may  hence  draw  the  in- 
ference, that  chemical  phenomena  are  very  dif- 
ferent in  cold  countries  near  the  poles,  or  in 
cold  feafons,  and  in  hot  countries,  or  in  the 
fpring. 

36.  It  is  no  lefs  evident,  that  we  ought  to 
diftinguifh  with  care,  in  our  defcriptions  of 
chemical  operations,  the  degrees  of  temperature 
under  which  they  are  made,  either  by  applying 
the  thermometer,  or  noting  certain  phenomena, 
from  which  the  temperature  may  be  thermome- 
trically  deduced.  Thus  it  was,  that  the  ancient 
chcmifts  diftinguifhed  in  the  procédés  of  nature 
and  art,  the  degrees  of  heat  below  boiling  wa- 
ter ; and  accordingly,  above  that  temperature  in 
the  firft  range,  they  admitted  four  degrees.  The 
firft  proceeded  from  congelation  10  degrees; 
the  fécond  from  10  to  20  ; the  third  from  20  to 
30  ; and  the  fourth  to  45  degrees,  which  was 
called  the  mean  degree  between  freezing  and 
boiling.  To  each  of  thefe  degrees  were  attach- 
ed certain  phenomena,  or  operations  to  which 
they  were  favourable.  The  fuperior  degrees 
not  being  capable  of  indication  by  thermome- 
tric graduation,  were  denoted  from  certain 
known  phenomena  which  take  place  at  higher 
temperatures.  The  firft  degree  above  boiling- 
water  was  that  at  which  fulphur  melts,  and  in 
which  vegetable  or  animal  matters  begin  to 
undergo  a deitruéiion  of  their  organic  ftruéture. 

The 
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The  fécond  effeét  was  the  fufion  of  foft  metals 
and  the  moft  fufible  alloys.  The  third  liquefied 
metals  of  middling  hardnefs.  And,  the  fourth, 
baked  hard  porcelain,  and  fufed  the  refraélory 
metals.  Laftly,  in  a degree  fuperior  to  all 
thole  was  placed  the  heat  of  the  burning  lens. 
But  all  thefe  loofe  and  arbitrary  graduations, 
not  being  comparable  with  each  other,  are  abanf 
doned  fince  the  invention  of  the  thermometer 
of  Wedgwood,  which  will  be  defcribed  under 
the  article  of  alumine. 


Article  IV. 

Concerning  Oxigen  and  Oxigen  Gas. 

I.  As  the  Two  fimple  bodies  which  form  the 
fubject  of  our  laft  inquiry  may  be  confidercd  as 
the  great  inftruments  of  analyfis  and  fynthefis, 
in  the  phenomena  of  nature  and  of  art  ; fincc, 
though  they  approach  and  are  probably  identi- 
cal in  their  nature,  they  neverthelefs  produce 
very  different  effects  under  each  of  their  modifi- 
cations, and  confequently  require  to  be  treated 
as  if  they  were  really  two  diftindt  bodies;  fo 
likewise  will  that  fubftance,  which  will  form  the 
fubject  of  the  prefent  article,  though  long  un- 
known to  men,  and  confounded  with  one  or 
* other  of  the  two  preceding,  prove  no  Ids  en- 
titled to  our  attention  than  thofe  bodies,  and 
afford  to  our  art  an  inftrumcnt  and  means  of 
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composition  and  decompofition  no  lefs  impor- 
tant and  neceffary  to  be  known. 

2.  Though  long  concealed  from  chemifts, 
and,  as  it  were,  eluding  the  ancient  methods  of 
analyiis  in  their  poffeffion  ; — though  it  be  an 
independent  fubftance  very  diftinct  from  every 
other,  it  is  not  eafy  to  give  a clear  notion  or 
precife  definition  of  this  body,  becaufe  it  cannot 
be  obtained  alone  in  a ftate  of  great  purity,  but 
is  always  obtained  in  combination.  Never- 
thelefs  it  can  be  weighed,  meafured,  combined, 
difengaged  ; — but,  in  ail  thefie  cafes,  it  is  always 
connected  with  fome  other  body,  which  forms 
the  fubject  of  inquiry  : fo  that  we  may  affirm 
that  its  moft  permanent  character  is,  that  it 
poffeffes  a very  ftrong  attraction,  and  is  itfelf 
attracted  with  great  force.  We  are,  therefore, 
obliged  to  confider  it  at  firft  as  an  ab  fir  act 
being,  or  metaphyfical  entity,  when  we  with  to 
avoid  fpeaking  of  its  combinations.  It  muft 
be  contemplated  as  one  of  the  moft  frequent  and 
abundant  principles  afforded  in  the  analyfes  of 
chemifts  ; at  the  fame  time,  that  we  muft  care- 
fully diftinguifli  it  from  what  was  clefignated 
by  the  term  principle  in  the  ancient  chemiftry; 
in  which,  this  name  was  applied  to  feveral  ima- 
ginary beings. 

3.  The  term  ox i gen,  fignifies  that  which  pro- 
duces or  generates  acids.  This  is)  in  fact,  one 
of  the  moft  charabteriftic  properties  of  this  body, 
difeovered  in  Aiiguft  1774  by  Prieftlcy.  It  Was 
at  firft  called  dephlogifticated  air,  and  was  after-» 
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wards  fucceffively  known  by  the  names  of  emi- 
nently-refpirable  air,  pure  air,  vital  air,  as  long 
■as  it  was  not  known  that  this  aerial  form  is 
merely  one  of  its  ftates  of  combination  ; which, 
notwithstanding  its  frequency  and  its  being 
lefs  impure  in  this  than  in  any  other  condition, 
does  not  prevent  its  being  concealed  in  other 
ftates  ; and  more  particularly  as,  by  combining 
with  many  bodies,  it  lofes  this  elaftic  hate  or 
appearance  of  air.  As  foon  as  this  truth  was 
well  proved,  and  clearly  explained  by  Lavoifier, 
the  neceffity  was  admitted  of  giving  it  a diffe- 
rent name  which  might  be  applicable  to  all  the 
ftates  in  which  it  could  exift,  as  well  that  of 
gas  as  of  the  liquid  or  folid  form.  Lavoifier 
hrft  called  it  the  oxigenous  principle  ; it  was 
alfo  named  prineipium  forbile  on  account  of  its 
eafy  abforption  by  many  bodies  and  empyreal 
air,  becaufe  it  was  confidered  as  the  principle  or 
element  of  the  atmofphere,  and,  laftly,  the 
French  fchool  having  decided  for  the  word 

O 

oxigen,  by  admitting  a fimple  change  of  ter- 
mination in  the  firft  word  propofed  by  Lavoifier, 
this  name  became  generally  adopted. 

4.  In  the  enumeration  or  cMffifi cation  of  the 
different  fimple  bodies  of  which  the  examination 
forms  the  fécond  febtion  of  the  prefent  chemical 
fyftem,  I announced,  that  ail  bodies  having  fome 
relation  with  the  great  phenomenon,  known 
by  the  name  of  combuftion,  nothing  more 
was  required  to  be  done  than  to  difpofe  them 
with  refpebt  to  the  effect  they  produce  in  this 
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phenomenon.  The  effedl  of  oxigen  is  of  fuch 
importance,  that  its  prefence  muft  be  ftated  as 
the  rnoft  inciifpenfable  condition  of  Combuftion  ; 
which  would  not  other  wife  take  place.  It  truly 
confcitutes  the  effential  part  of  that  procefs,  be- 
caufe  its  rnoft,  decided  and  extenfive  character 
is  its  indifpenfability  in  that  procefs. 

5.  Oxigen,  like  many  other  natural  bodies,  is 
found  in  three  hates,  but  in  neither  of  them  is 
it  alone  or  infulated.  In  the  gafeous  form  it  is 
diffolved  in  caloric,  in  the  liquid  and  folid  form 
it  is  combined  with  different  fubflances,  and  can 
never  exifi  concrete  and  pure  without  combina- 
tion, like  many  other  fubflances  no  lels  decom- 
pofable  than  itfelf.  And  though  we  can,  in 
imagination,  conceive  it  alone,  infulated,  pure, 
and,  in  the  folid  ftate,  experiment  has  never  yet 
exhibited  this  fa<5l.  It  is  a difcovery  which 
Hill  remains  concealed  in  the  bofom  of  nature, 
or  may  exifi,  ill  underflood,  under  the  name  of 
feme  fubflance  yet  unknown  in  our  collections 
of  minerals. 

6.  As  oxigen  is  frequently  contained  in  a 
more  or  lefs  folid  form  in  feveral  natural  foil'd^ 
which  have  undergone  combuflion,  and,  as  it 
has  much  attraftion  for  caloric,  it  is  only  re- 
quired that  feme  one  of  thofe  foffds  fhould  be 
heated  more  or  lefs,  or  penetrated  with  a great 
quantity  of  caloric  in  order  to  difengage  this 
principle,  and  obtain  it  in  the  form  of  air  or 
gas.  This  is  done  by  chemifls  to  procure  oxigen 
gas.  They  expofe  certain  fubflances,  partieu- 
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larly  metals  burned  by  nature,  or  by  art,  to  a 
fire  of  confiner  able  activity  in  clofed  veflels,  fo 
difpofed  as  to  conduct  and  receive,  under  in- 
verted jars,  the  elaftic  fluid  intended  to  be  col- 
lected. The  burned  matter  pafies  again  to  a 
combuftible  ftate,  and  the  oxigen  which  gave  it 
the  burned  ftate,  being  feparated  and  fufed  by- 
caloric  to  which  it  has  a great  attraction,  be- 
comes developed  in  the  form  of  gas.  It  is  the 
produCt  of  a true  combuftion. 

7.  As  in  the  operations  in  which  oxigen  is 
formed  or  obtained  in  the  form  of  gas,  it  is  ob- 
ferved,  that  the  flame  which  Ihines  through  the 
veffels,  along  with  the  caloric,  contributes  to 
the  fpeed  and  abundance  of  the  difengagement 
of  gas,  it  has  been  concluded,  that  light  is  one 
of  the  principles  of  this  kihd  of  air,  and  that  it 
is  compofed  of  oxigen,  caloric,  and  light;  but 
all  the  faCls  of  natural  philofophy  and  chemiftry* 
tending  at  prefen  t to  prove  that  light  and  ca.- 
loric  are  one  and  the  fame  body,  more  particu- 
larly in  the  ftate  of  combination  ; oxigen  gas 
is  confidered  as  a fimple  combination  of  oxi- 
gen and  caloric. 

8.  Of  the  two  bodies  which  form  oxigen 
gas,  the  caloric  which  is  the  folvent,  and  gives 
it  the  ftate  of  inviftbility  and  elaftic  fluid,  not 
being  ponderable  ; the  lblklifiable  bafe  w hich  is 
diffolved,  or  oxigen,  being  the  only  ponderable 
‘and  fixable  body  in  all  the  fubftances  with 
which  this  gas  can  combine;  and  chemifts  hav- 
ing no  other  means  of  obtaining  oxigen  in  a 

Ampler 


simple  bodies:— oxigex. 


fimpîer  Hate  than  that  of  gas,  in  which  they  ufc 
it  for  a great  number  of  operations  or  com» 
binations,  many  of  them  are  habituated  to  de- 
note this  gas  by  the  fimple  name  of  oxigen. 
This  is,  nevertheless,  an  error  of  nomenclature, 
and  inimical  to  the  perfpicuity  of  chemical  doc- 
trine, becaufe  the  word  oxigen  ought  not  to  be 
üfed  but  to  denote  the  bafe  of  this  gas  confider- 
ed  alone,  or  in  all  the  poffible  ftates,  but  parti- 
cularly in  the  numerous  combinations  wherein 
is  poffeffes  the  liquid  or  folid  hate, 

9 . Oxigen  gas,  prepared  by  the  procefs  here 
deferibed,  poffeffes  all  the  appearances  of  air; 
it  is  invifible,  rare,  elaftic,  and  fluid,  and  cannot 
be  diftinguifhed,  by  mere  infpeéfion,  from  the 
atmofpheric  fluid  ; but  its  properties  are  very 
different  when  comparatively  examined.  It  is 
heavier  than  the  air  of  the  atmofphere  about  fix 
hundredth  parts.  One  cubic  decimetre  of  oxi- 
gen gas  weighs  very  nearly  1 3,57  decigrams, 
a cubic  metre  13,57  hectograms  (the  French 
inch  cube  being  0,50  grains  and  the  foot  cube 
1 ounce,  4 gros,  8 grains).  It  animates  the 
combuftion  of  all  combuftible  bodies  ; greatly 
increafes  flame  ; produces  much  heat  in  burn- 
ing thofe  bodies  ; is  totally  abforbed  in  com- 
buftion, and  maintains  the  refpiration  of  ani- 
mals for  a long  time;  elevating  the  temperature 
of  their  blood  more  fpeedily  than  common  air. 

10.  When  oxigen  gas  is  employed  in  any 
combuftion,  in  the  greateft  number  of  cafes  it 
paffes  from  the  gafeous  to  the  folid  hate.  It  is 
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precipitated  from  its  gafeous  folution,  and 
abandons  its  folvent  which  becomes  difengaged 
in  the  form  of  light  and  heat,  whence  modern 
chemiftry  attributes  this  fécond  phenomenon 
to  that  decompofition  of  oxigen  gas  ; and  proves 
that  the  flame  and  heat  arife  from  the  precipita- 
tion of  this  gas,  and  the  confequent  reparation 
and  difengagement  of  its  folvent,  and  not  from 
the  combuftible  bodies  as  was  formerly  thought 
Thefelaft  merely  abforb  oxigen,  which  is  lique- 
fied or  rendered  folid  in  thofe  cafes  by  the  lofs 
of  the  folvent  which  maintained  it  in  the  ftate 
of  elaftic  fufion. 

1 1.  By  admeasurement  of  the  fufion  of  ice, 
to  afeertain  the  quantity  of  caloric,  feparated 
during  the  precipitation  of  oxigen  on  different 
combuftible  bodies  during  the  act  of  burning, 
modern  chemifts  have  concluded,  from  the  dif- 
ference they  have  obferved,  that  oxigen  becomes 
precipitated,  or  is  fixed  with  more  or  lefs  folidi- 
ty  in  its  different  combinations  ; that  it  pre- 
ferves  more  or  lefs  of  its  former  folvent,  caloric, 
and  that  to  this  is  owing  the  diverfity  of  heat 
formed,  or  of  flame  produced,  and  the  adherence 
or  difficulty  of  feparating  the  oxigen  again  from 
the  fluid  or  folid  combinations  of  which  it  con- 
ftitutes  a part.  They  have  even  conûruéted 
tables  to  reprefent  the  various  quantities  of  ca- 
loric, .difengaged  from  oxigen  gas  during  its 
fixation.  .No  modern  difeovery  has  given 
greater  effect  to  the  pneumatic  doétrine  than 
that,  of  the  different  quantities  of  caloric  difen- 
• ' gaged 
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gaged  from  oxigen  or  retained  by  this  principle 
fixed  in  combinations* 

1£.  Thefe  confi derations  have  led  them  to 
diftirvguifh  and  explain  two  kinds  of  combuffi 
lion  in  general,  the  rapid  and  the  flow  com- 
bullion*  In  the  fir  ft,  the  oxigen  gas  fpeedily 
lofes  the  greateft  part  of  its  caloric  which  then 
forms  heat  and  flame  ; in  the  fécond,  it  is  fepa- 
rated  (lowly,  and  fomctimes  in  a fcarcely  per- 
ceptible form,  in  which  cafe  it  is  fcarcely  pofti- 
ble  to  appreciate  the  caloric  developed.  The 
reiiilt  of  the  firft  with  regard  to  oxigen  is,  that 
the  bodies  which  abforb  it  continue  in  the  folid 
irate,  and  almoft  entirely  deprive  it  of  its  fol- 
vent  ; at  the  fame  time  that  it  adheres  fo 
ftrongly  as  to  be  very  difficult  to  feparate.  The 
refelt  of  the  fécond,  on  the  contrary,  is,  that 
the  bodies  in  which  it  is  precipitated  do  not 
retain  it  but  in  a liigbfly  folid  ftate,  little  al- 
tered, and  eafy  to  be  difengaged.  The  firft 
elafs  of  bodies  are  very  difficult  to  un  burn,  and 
the  latter  are  eafrly  deprived  of  this  principle. 
The  former  when  expofed  to  light,  aim  oft  alone, 
or  aflifted  only  by  a (impie  quantity  of  caloric, 
fuffer  the  oxigen  gas  to  efcape,  and  themfelves 
return  to  the  combuftihle  Ttate  ; the nthers  re- 
quire to  be  penetrated  with  a great  quantity  of 
caloric  and  light  in  order  to  loofe  their  oxigen. 

13.  All  combuftiMe  bodies  abforb  different 
quantities  of  oxigen  in  burning.  They  may  be 
converted  to  different  fuites  of  burned  bodies, 
according  to  the  proportion  of  oxigen  they  have 
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abforbed.  They  abforb  it  in  a more  or  lefs  folid 
hate,  or  more  or  lefs  feparated  from  its  folvent, 
even  in  the  different  proportions  they  abforb, 
and  they  attract  this  principle  not  only  with 
different  energies,  but  differently  as  to  the  fe- 
veral  quantities  they  contain.  The  law  of  at- 
traction, in  the  inverfe  ratio  of  the  faturation, 
takes  place  here  as  well  as  in  all  the  other  kinds 
of  combinations. 

14.  As  the  attractions  of  oxigen  vary  in 
each  different  body,  it  follows  that  by  prefent- 
ing  a compound  which  contains  it,  to  a body 
which  has  a ft  ronger  attraction  for  this  princi- 
ple than  the  ftrft  body  to  which  it  is  united,  it 
will  pafs  from  the  compound  to  the  fécond 
body  ; and  as  it  feldom  happens  that  this  fécond 
body  with  which  it  may  combine,  abforbs  or 
retains  it  in  the  fameftate  of  folidity  equally  de- 
prived of  part  of  its  folvent,  it  is  a confequence 
that  when  without  quitting  the  ftate  of  folidity 
or  fluidity,  it  paffes  from  one  body  to  another, 
the  mixture  is  in  fome  inftances  heated,  namely, 
when  the  oxigen  abforbed  is  rendered  more  folid, 
or,  on  the  contrary,  a diminution  of  température 
takes  place,  if  the  body  which  attracts  it  can- 
not hold  it  in  the  fame  ftate  of  denfity.  The 
firft  of  thefe  two  cafes  is  accompanied  with  a 
rife  of  temperature  even  to  inflammation,  which 
takes  place  when  the  difference  of  folidity  ac- 
quired by  oxigen  in  paffmg  from  one  body  to 
another,  demands  a .ftrong  and  fpeedy  fepara- 
tion  of  caloric. 
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15.  As  it  is  impaffible'  to  know  and  defcribe 
the  properties  of  pure  oxigen,  becaufe  nature 
has  not  yet  presented  it  to  man  in  tins  date, 
and  becaufe  art  has  hitherto  difcoverèd  no 
means  of  difengaging  it  ; no  method  of  charac- 
terizing this  fubftance  remains  but  to. determine 
the  properties  of  oxigen  gas,  or  oxigen  dilfolved 
in  caloric,  and  thofe  properties  which  are  pro- 
duced in  bodies  by  an  union  with  oxigen.  in 
the  liquid  and  folid  ftate.  We  have  already 
feen,  in  what  has  been  explained  refpecting  oxh 
gen  gas,  that  it  is  well  characterized  by  the  ex- 
elufive  property  of  maintaining  combuftion,  and 
the  refpiration  of  animals,  in  which,  to  the  lad 
particle  or  bubble  in  its  gafeous  ftate,  it  operates, 
as  the  fource  of  caloric  and  light  diiengaged  in 
thofe  operations.  Its  fpecific  gravity  has  like- 
wife  been  ftated  as  a circumftance  which  ealilv 
afcertains  its  place  among  aeriform  bodies. 

lb.  With  regard  to  the  properties  produced  by 
oxigen,  when  it  becomes  fixed  in  the  liquid  or 
folid  ftate,  in  the  different  bodies  to  which  it 
has  an  attraction,  it  is  very  evident,  that  the 
new  properties  acquired  by  compounds,  in  con- 
fequence  of  the  fixation  of  this  principle,  which 
they  did  not  before  poffefs,  and  which  they 
lofe  when  the  oxigen  is  ieparated,  may  be  com* 
fidered  as  belonging  to  this  laft  fubftance,  or,  at 
lead,  as  produced  by  its  prefence,  and  proper  to 
dedgiiate  its  character,  until  it  can  be  examined 
alone  and  m a date  of  purity.  Now  among 
thofe  properties  one  of  the  mod  confiant  is,  to 
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communicate  more  or  lefs  tafte  to  bodies  which 
before  were  taflelefs,  or  to  augment  the  fapidity 
of  bodies  which  are  already  fapid.  So  that 
though  we  may  not  be  juftified  in  affirming 
that  oxigen  is  the  foie  caufe  of  tafte,  we  muft, 
neverthelefs,  confider  it  as  fuch  in  a great  de- 
gree in  all  bodies  with  which  it  combines. 

17.  This  tafte  which  it  communicates  to  bo- 
dies is  frequently  four,  and  it  often,  in  fa<5t, 
conftitutes  the  acid  nature  in  fubftances  with 
which  it  combines.  It  is,  therefore,  at  the 
fame  time,  in  fuch  bodies,  the  fource  of  all  the 
properties  which  charaéterife  the  acids,  and,  as 
this  circumftance  is  one  of  the  moil  frequent 
and  moft  remarkable  of  thofe  which  accompany 
its  combinations,  it  has  hence  obtained  the  name 
of  oxigen. 

18.  The  fécond  property  communicated  to 
bodies  by  the  addition  of  folid  oxigen  is  colour. 
It  is  this  fubftance  which,  in  fa<5t,  colours  all 
the  burned  metals,  and  gives  the  tints  fo  va- 
rious, fo  brilliant,  and  fo  durable  which  are  pof- 
felfed  by  enamels  and  glaffes  of  every  fhade. 
Though  this  charaéier  is  very  decided  with  re- 
fpedt  to  various  oxigenated  compounds,  when 
we  compare  it  with  that  of  tafte,  it  is  found  to 
be  lefs  confiant  and  lefs  general.  There  are,  in 
fact,  a confiderable  number  of  compounds  in 
which  oxigen,  though  in  a large  proportion, 

communicates  no  colour  or  tint,  but  rather 
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makes  them  tranfparent. 
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1 9*  It  is  ufeful  to  obferve  in  this  place,  that 
the  many  vegetable  colouring  matters  owe  the 
different  hate  of  their  colours  to  the  varied  pro- 
portion of oxigen;  we  mu  ft,  neverthelefs,  reckon 
among  its  properties  that  it  tends  to  difcolour 
organized  fubltances,  and  that  when  it  is  ac- 
cumulated it  renders  them  white.  Such  is  the 
fourceof  moft  of  the  methods  of  bleaching,  and 
more  particularly  that  of  cottons,  linens,  and 
wax,  by  expofure  to  the  air,  as  will  be  fully  ex- 
plained in  the  other  ferions  of  this  wrork. 

20.  We  muff  more  particularly  clafs,  among 
the  diftinétive  and  character  iff  ic  properties  of 
the  combinations  of  oxigcn  that  denfity,  coa^ 
gulation  or  concretion  in  general  which  it  pro- 
duces in  organized  bodies.  It  is  to  this  phe- 
nomenon, well  determined,  that  feveral  effects  of 
vegetation  and  of  annualization  are  owing, 
which  will  be  diown  in  the  fedtion  appropriated 
to  their  hiftory.  It  is  here  noted,  merely  to 
bring  together  the  principal  properties  com- 
municated by  oxigen.  It  will  alfo  be  feen, 
that  the  accumulation  of  oxigen  in  organic 
fubftances,  operates  their  complete  decompo- 
fition. 

21.  From  the  tafte  produced  by  oxigen,  fol- 
lows a very  remarkable  property  of  the  fub- 
ftances thus  acted  upon,  namely,  the  medicinal 
power  of  fome,  and  the  caul  tie  or  poifonous 
acridity  of  others.  ~The  firft  is  the  minimum  of 
thé  fécond,  and  accordingly  we  find  in  the  me- 
dicinal action  a great  number  of  degrees  ; and 

poifons, 


poifons,  of  which  the  energy  is  limply  mode» 
rated,  are  frequently  employed  as  remedies.  In 
the  terrible  action  of  cauftics,  oxigen  evidently 
quits  thofe  bodies  to  adt  on  the  animal  organs 
which  it  burns  and  deftroys* 

22.  By  confining  the  prefent  examination  of 
oxigen  to  the  enunciation  of  thofe  general  pto- 
perties,  it  is  fufftcient,  in  the  mean  time,  to  ihew 
how  extended  and  important  its  adtion  and  in- 
fluence mud  prove  in  all  the  phenomena  of  na- 
ture and  of  art.  The  mere  exhibition  of  this 
principle  fliows  that  it  is  one  of  the  mo  ft  ener- 
getic and  moft  powerful  agents  that  chemifts 
can  employ.  It  is  an  inftrument  applicable  to  a 
number  of  operations,  and  wdiich  is  inceftantly 
effective  in  chemical  procefles  ; confequently 
its  properties,  its  attractions,  its  different  ftates, 
its  tranfitions,  from  one  fyftem  of  bodies  to 
another,  conftitute  almoft  the  whole  of  the  mo- 
dern pneumatic  dodtrine.  They  have  rendered 
the  theory  of  chemiftry  much  more  general, 
more  clear,  and  more  fimple,  than  it  was  before 
the  difcovery  and  knowledge  of  this  principle. 
It  has  truly  changed  the  face  of  the  fcience. 

23.  Every  fadt  tends  to  prove  that  oxigen  is 
one  of  thofe  fimple  bodies  which  nature  employs 
moft  frequently  in  all  combinations  and  decom- 
pofitions  ; which  is  found  moft  abundantly  dif- 
fufed  among  all  her  productions,  and  conftituted 
in  the  atmofphere  of  our  globe  refervoir,  as  we 
fhall  fee  in  the  following  article. 
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Article  V. 

Concerning  the  Air  of  the  Atmofphere , 

L THAT  elaftic  fluid,  which  fills  and  con- 
ftitutes  the  atmofphere,  is  very  far  from  being 
a fimple  or  undecompofed  fubftance,  a real  ele- 
ment, as  was,  for  a long  time,  fuppofed  by  phi- 
lofophers  and  chemifts.  It  ought  not,  there- 
fore, ftridfly  to  belong  to  the  feCtion  of  fimple 
bodies  ; but  as  the  greateft  number  of  its 
known  effects  evidently  depend  upon  the  prin- 
ciple which  has  formed  the  fubject  of  the  pre- 
ceding article,  which  is  one  of  the  conftituent 
fubftanees  of  the  atmofphere,  its  hiftory  can 
only  be  placed  at  the  end  of  that  of  the  laft- 
mentioned  body  ; fince  this  laft  can  alone  throw 
the  greateft  light  upon  its  properties  and  che- 
mical characters. 

The  atmofplleric  air  being  the  only  natu- 
ral body  which  is  conftantly  in  the  elaftic  fluid 
form,  which  encompafles  the  globe,  and  in 
which  it  is  continually  immerfed,  and  this 
form  rendering  it  the  common  receptacle,  as 
well  as  caufç,  of  a great  number  of  natural 
phenomena,,  which  it  is  necelfary  well  to  un- 
der Hand,  we  cannot  difpenfe  with  ftudying  it 
in  its  grand  mais,  by  confidering  it  at  firft  col- 
lectively, and  defcribing  the  influence  of  its 
phyfieal  or  general  properties,  its  gravity, 
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fluidity,  &c.  the  compofition  or  decompofi- 
tion  of  the  other  bodies,  which  it  touches,  co- 
vers, prelfes  upon,  agitates,  and  inceflantly 
changes. 

3.  By  the  name  of  the  atmofphere,  we  un- 
derhand the  entire  mais  of  the  air  which  encir- 


cles all  parts  of  the  terreftrial  globe,  which 
moves  with  it,  which  touches  it  in  all  parts, 
afcending  to  the  tops  of  its  mountains,  pene- 
trating into  its  cavities,  inceflantly  floating  on 
the  furfaee  of  its  waters,  and  in  the  mid  11  of 
which  all  the  beings  detached  from  the  mafs  of 
the  globe,  plunge,  move,  or  are  carried  off. 
It  is  a vaft  ocean,  compofed  of  all  that  is  ca- 
pable of  being  volatilized  from  the  earth,  of 
all  that  can  be  reduced  to  vapour  at  the  various 
degrees  of  temperature  and  prelTure,  contain- 
ing an  alfemblage  of  mineral,  vegetable,  and 
animal  matters,  which  rep  re  lents  a fort  of  chaos, 
and  which,  considered  in  this  point  of  view, 
mult  prefent  continual  and  ahnoft  indetermina- 
ble variations,  though  chemical  analyfis  has  at- 
tained to  the  diftinétion  of  the  conllant  terms 
of  its  compofition,  as  will  be  feen  hereafter  ; 
becaufe  the  various  fubftances  which  are  ca- 
pable of  being  fufpended  in  it  are,  in  fact,  only 
. accidental,  with  refpect  to  its  intimate  nature, 
which  they  never  change. 

4.  It  is  not  known,  with  precifion,  to  what 
.height  the  air  of  the  atmofphere  extends,  or 
what  is  the  real  dimenfion  of  the  atmofphere  ; 
but  we  know  that  its  different  Grata  are  more 
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de  life  and  compreffed,  the  nearer  they  are  to 
the  globe,  and  that  their  variation,  at  a great 
elevation,  is  limited,  in  confequence  of  the 
colder  temperature  of  the  upper  regions.  It 
is  alfo  known  that,  in  the  elevated  regions,  lu-^ 
minaries  and  inflammable  meteors  are  gene- 
rated ; that  the  atmofphere  is  croffed  in  every 
direction  by  light,  and  with  more  difficulty  by 
caloric,  of  which  it  is  a feeble  conductor  ; that 
it  alfo  confines  the  eledlric  fluid  ; that  the  upr 
per  clouds  are  more  ftrongly  electrified  than 
the  lower  ones  ; that  the  lightning  confifts  of  a 
hidden  communication  or  divifion  of  the  elec^ 
trie  fluid  between  the  lower  clouds  and  the  ter- 
reftrial  globe;  and  that  it  is  by  rifing  to  differ 
rent  heights  in  the  atmofphere,  by  the  aid  of 
aeroflatic  machines,  that  natural  philofophers 
will  become  better  acquainted  with  the  caufes 
And  effects  of  meteors. 

5 . The  elafiic  fluidity  of  the  atmofpheric 
air,  which  cannot  be  deftroyed,  by  any  preffure, 
or  known  degree  of  cold,  explains  the  facility 
and  rapidity  of  its  motions  ; among  which  thole 
which  are  confiant,  and  occafioned  by  the  pref- 
fure of  the  fun  and  moon,  are  almoft  incapa- 
ble of  eftimate  or  meafure,  in  the  midft  of  much 
greater  agitations,  produced  by  accidental 
and  variable  caufes.  , Such  is  the  general  mo- 
tion of  the  winds,  the  moft  rapid  of  which  pro- 
ceed, at  leaf!,  twenty  metres,  (or  yards  nearly) 
in  a fécond  ; and  thofe  which  are  more  com- 
mon, poffefs  a velocity  only  equal  to  one-third 
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of  the  former.  It  is  farther  remarkable,  that 
notwifhftanding  this  extreme  fluidity,  of  the 
air,  it  cannot  pafs  through  a number  of  bodies 
which  are  permeated  by  water  and  other  liquids. 
It  muft  not  however  be  forgotten  that  this 
fluidity,  and  the  quicknefs  of  motion  it  admits 
of,  are  very  fmall  in  companion  with  that  of 
light,  which  appears  to  communicate  thefe  pro- 
perties to  the  air,  as  will  fpeedily  be  fhown. 

6.  The  diftance  between  the  integrant  par- 
ticles of  the  air  admitting  of  the  paffage  of  light, 
this  fluid,  in  fmall  maffes,  is  really  invifible,  or 
the  moft  tranfparent  of  all  bodies.  But  when 
large  maffes  are  obferved,  the  deviation  and  re- 
flexion of  the  luminous  rays  render  this  air 
more  or  lefs  vifible,  and  even  give  it  a blue 
tinge.  This  colour  has  been  erroneoufly  attri- 
buted to  the  heaven  itfelf,  and  denominated  fky 
blue  ; it  is  only  the  feries  of  atmolpheric  lira- 
ta,  amalfed  at  no  great  diftance  from  the  earth, 
that  we  perceive  under  this  colour;  and  there 
is  an  itnmenfe  diftance  between  thefe  ftrata  and 
the  region  of  the  liars. 

7.  The  atmolpheric  air  is  generally  conftder- 
ed  as  inftpid.  This  proceeds  only  from  the  long 
habits  of  mankind  to  refpire  and  feel  it,  as  is 
proved  by  the  cries  of  a child,  the  fir  ft  time  it  is 
fubjeX  to  its  imprcftion,  when  brought  into 
the  world  ; the  acute  pain  excited  by  its  contact 
with  wounds,  cuts,  and  on  our  organs,  when 
deprived  of  the  epidermis  ; the  difficulty  of  cica- 
trization in  wounds,  even  of  vegetables,  when 
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the  air  inceffantly  touches  them  ; the  lively  im- 
preffion  it  produces  on  nerves  in  general  when 
uncovered,  and  the  caries  caufed  by  it  in  bones 
deprived  of  the  periofteum. 

8.  The  gravity  of  common  air,  and  ail  the 
phenomena  which  depend  upon  the  weight  and 
preffure  of  the  atmofphere,  unknown  to  the  an- 
cients, have  changed  the  face  of  natural  philo» 
fophy  fmce  the  middle  of  the  flxteenth  century, 
in  confequence  of  the  important  thought  of 
Torricelli,  and  the  exadt  experiments  of  Pafcal 
and  Perrier,  made  by  the  latter  on  the  mountain 
Pay  de  Dome , in  the  month  of  September  164S. 
It  is  this  gravity  which  fuftains  water,  at  more 
than  ten  metres  or  thirty-two  Trench  feet,  in 
pumps  ; and  mercury  at  little  more  than  three- 
fourths  of  a metre,  or  twenty-eight  French 
inches  in  a tube  of  glafs.  It  is  this  which  gave 
rife  to  the  invention  of  the  barometer,  the 
height  of  which,  is  the  exact  meafure  of  the 
weight  of  the  atmofpheric  air,  if  a flight  cor- 
- redtion  be  made  for  the  variation  of  its  tempe- 
rature. By  means  of  this  corre6ted  barome- 
trical meafure  it  is  that  the  height  of  moun- 
tains, the  depth  of  mines,  & c.  may  be  eftimated 
with  preciflon.  The  cube  decimetre  of  air 
weighs  twelve  and  one  third  decigrams,  and  the 
cubic  metre  ’twelve  and  one  third  hectograms. 
(The  cubic  French  inch  0,46  of  a grain,  the 
cubic  foot  one  ounce,  three  drams,  three  grains.) 

q.  This  weight,  eftimated  by  the  methods 
of  experimental  philofophy,  and  which  per- 
fectly 
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feétîy  explains  the  varioufly  compreffcd  hate 
of  the  different  hr  at  a of  atmofpheric  air,  has 
alfo,  by  the  preffure  it  exerts,  an  influence  upon 
the  hate  of  folids  and  liquids  ; it  is  to  this  pref- 
fure, that  the  permanence  of  liquids  at  the  fur- 
face  of  the  globe  may  be  accounted  for,  as  it 
prevents  their  rarefaction.  It  is  neceffary  to 
overcome  it,  to  reduce  liquids  to  a ftate  of  va- 
pour, as  well  as  to  form  the  gafeous  bodies.  It 
ought,  therefore,  to  be  well  underftood  and  ac- 
curately eftimated,  and  chemifts  are  continually 
under  the  neceffity  of  attending  to  barometrical 
obfervations. 

10.  Compreffibility  and  elaftiçity  are  two 
properties  equally  inherent  in  common  air; 
they  are  the  fource  of  a number  of  natural  phe- 
nomena, as  like  wife  of  many  effects  that  are 
produced  in  philofophy  and  the  arts.  The 
frabture  of  veffels  the  fufpenfion  of  liquids,  the 
obftacles  to  their  dilation  and  evaporation,  the 
detonations,  are  of  fuch  importance  in  che- 
miftry,  that  all  machines  founded  on  thefe  pro- 
perties are  requifite  to  be  known,  and  ufed  in 
philofophical  experiments.  As  by  analogy  and 
companion  with  air,  a judgment  is  of  tern  formed 
of  the  bulk  and  quantities  of  different  gafes 
obtained  or  employed  in  chemical  operations,  it 
becomes  ipdifpenfable  to  determine  with  accu- 
racy, the  feveral  ftates  of  preffure  of  thefe 
fluids. 

11.  The  property  of  occupying  a large  bulk, 
the  power  of  expanliou  or  rarefaction,  the  con- 
fluence 
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fequence  of  the  fpring  of  the  air,  which  it  is 
found  to  aflame,  either  by  the  accumulation  of 
caloric,  or  by  the  diminution  of  prelfure,  is  alfo 
one  of  thofe  properties  which  have  the  greateft 
influence  in  chemical  operations.  It  regulates, 
in  faP,  the  fpring  and  denfity  of  all  the  other 
elaflic  fluids  that  are  obtained  in  the  experi- 
ments of  chemifhy  ; but  the  common  air  is  fo 
often  admitted  into  chemical  velfels,  that  it  is 
from  this  fluid  that  the  phenomena  of  rupture 
and  explofion  mofl  frequently  derive  their  ori- 
gin ; and,  under  this  point  of  view,  it  highly  de- 
ferves  the  attention  of  chemifls. 

12.  To  all  the  phyfical  properties  which  have 
hitherto  been  confidered  in  air,  the  chemifl  mu  ft 
add  the  knowledge  of  thofe  which  it  prefents  by 
its  attrapions,  by  the  combinations  of  which  it 
is  fufceptible,  by  the  decompofitions  it  is  capa- 
ble of  effePing,  in  fhort  by  the  effePs  it  pro- 
duces, either  by  uniting  with  other  bodies,  or 
by  being  difengaged  from  the  combinations 
which  contain  it.  There  is  fo  great  a diftance 
between  the  inaccurate  and  loofe  notions  which 
were  formerly  entertained  upon  this  fubjeP,  and 
the  precife  ideas  acquired  by  modern  difcoverics, 
that  the  appearance  of  the  fcience  has  become 
totally  changed.  Before  thefe.difcoveries,  che- 
mifls were  contented  with  claffing  air  among 
the  number  of  the  elements  ; and  confidering  it 
as  one  of  the  conflit uent  principles  of  bodies. 
Boyle  and  Hales  added,  that  it  was  fixed  in 
bodies  ; that  it  was  difengaged  from  them  dur- 
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Ing  their  decompofition,  and  that  it  might  be 
collected  by  eftimating  the  quantity  and  rang- 
ing  it  the  number  of  the  produis.  Never- 
fhelefs,  Mayow,  a cotemporary  of  Boyle,  fufpedt- 
ed  that  only  a certain  part  of  the  air  became 
fixed  in  bodies  : but  this  firft  fufpicion,  which 
might  alfo  have  been  found  in  the  works  of 
Paracelfus  and  Van  Helmont,  was  merely  an  hy- 
pothecs before  the  experiments  of  Lavoifier 
upon  air,  which  were  no  lefs  new  than  precife 
and  ingenious. 

13.  From  the  numerous  inquires  of  Lavoifier, 
which  have  fmce  been  repeated  and  confirmed 
by  all  chemifts,  it  appears  that  the  elaftic  fluid, 
treated  of  in  the  preceding  article  under  the 
name  of  ox i gen  gas,  compofes  an  effential  part 
of  the  air;  that  it  is  capable  of  maintaining 
combuftion  and  refpiration,  by  virtue  of  its 
proportion  of  that  fubftance  ; that  thefe  two 
charadters,  which  had  been  exclufively  attribut- 
ed to  it  before  the  difcovery  of  vital  air  or  oxi- 
gen  gas,  which  pofTeffes  them  with  much  great- 
er energy,  are  entirely  owing  to  a part  of  this 
gas  which  it  conftantly  contains,  and  that  when 
it  is  deprived  of  it,  thefe  properties  are  no  longer 
to  be  found.  Hence,  on  examining  in  the  pre- 
ceding article,  the  properties  of  oxigen  in  a hate 
of  gas,  the  examination  of  air  was  commenced, 
and  exadl  notions  were  acquired  refpedting  thofe 
conftituent  principles  which  belt  characterife 
it. 


Nothing 
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Nothing  more  is  necelTary  than  to  know  how 
this  oxigen  gas  is  modified  in  the  air,  and  how, 
in  confequence  of  thefe  modifications,  the  phy- 
fical  and  chemical  properties  of  common  air 
differ  from  thole  of  pure  oxigen  gas. 

14,  There  is  no  one  who,  on  comparing  by 
a fim pie  and  eafy  experiment,  the  manner  in 
which  a comhuftible  body  burns  m air,  with  the 
manner  in  which  it  burns  in  oxigen  gas,  will  not 
immediately  difcover  that  the  activity,  the 
quicknefs,  the  heat  produced,  and  the  flame 
difengaged  in  this  laft  combuftion  ; are  much 
•fuperior  to  thofe  which  accompany  the  former. 
Every  obferver  is  ftruck  with  this  difference, 
and  to  a perfon  the  ieaft  attentive,  and  poffefted 
merely  of  curiofity,  it  affords  a brilliant  fpecta- 
cle,  which  prevents  him  from  confounding  in 
any  manner  the  phenomena  produced  by  air, 
with  thofe  which  are -produced  by  oxigen  gas. 

15.  On  obferving  with  more  care,  that  is  to 
lay  all  the  refults,  the  ftriking  diverfity  of  this 
phenomenon  of  combuftion,  philofophers  and 
chemifts  have  been  able  to  prove  that  atmo- 
fpheric  air  of  a given  bulk,  or  ftill  more  pre- 
cifely  of  a given  weight,  burns  only  one- third 
part  of  the  fame  comhuftible  body  that  is  burn- 
ed by  oxigen  gas,  and  that,  while  the  latter  is 
entirely  abforbed  even  to  the  laft  bubble,  by 
matters  fufceptible  of  rendering  it  folid,  the  at- 
mofpheric  air,  on  the  contrary,  lofes  little  more 
than  one  fifth  part  of  its  bulk  ; that  there  is 
confequently  only  a certain  part  of  its  mafs 
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which  is  capable  of  combining  with  combufli- 
ble  bodies,  of  fupporting  their  combuftion,  as 
well  as  ferving  for  the  refpiration  of  animals. 

16.  This  obfervation  very  naturally  led  them 
to  explain  why  combuftible  bodies  would  not: 
burn  in  a vacuum,  why  they  were  extinguifhed 
after  fome  time  in  air  that  was  not  renewed, 
why  common  air  was  diminifhed  in  bulk,  why 
thofe  fubftances  which  burn  in  it  are  increafed  in 
weight  ; how  this  augmentation  of  weight  was 
exactly  in  proportion  to  the  lofs  of  air:  for  it 
was  foon  proved  that  the  diminution  of  bulk  in 
the  air  was  neither  the  effect  of  firaple  p reliure, 
nor  deftruétion  of  its  elafticity,  as  had  long- 
been  imagined,  nor  the  effect  of  a combination 
with  fome  matter  difen  armed  from  combuftible 

O O 

bodies  which  would  have  confined  or  condenfed 
its  particles.  It  was  not  more  difficult  to  com- 
prehend why  the  air  in  which  a combuftible  bo- 
dy was  extinguished  after  having  been  burned, 
again  extinguilhed  another  lighted  body  im- 
merfed  in  it,  or  why  it  fuddenly  killed  animals: 
it  was  found  that  fuch  air  had  been  deprived  of 
its  aliment  of  combuftion. 

17.  But  as  common  air  could  not  entirely 
conflitute  the  aliment  of  flame,  like  oxigengas, 
it  was  neceflary  to  afcertain  whether  the  proper- 
ty of  maintaining  combuftion  really  proceeded 
from  this  oxigen  gas,  and  whether  the  limits  of 
its. power,  with  refpeél  to  this  phenomenon,  were 

! fixed  by  the  quantity  which  it  contained.  La- 
i verifier  direélly  proved  both  thcfe  propofitions  ; 
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lie  fhowed  that  they  were  demonftrahle  facts* 
by  proving,  firft,  that  bodies  burned  in  common 
air  afforded  alône,  and  without  any  addition 
except  caloric  and  light,  oxigen  gas  exactly  in 
the  fame  proportion  as  that  which  they  had  de- 
rived from  the  air  while  burning  in  it  ; and  Se- 
condly, that  this  portion  of  oxigen  gas,  feparated 
from  a burned  body,  and  added  to  the  refiduum 
of  the  air  which  had  ferved  for  combuftion,  en- 
tirely re-compofed  common  air,  and  gave  to 
the  refidue  the  property  of  ferving,  as  before, 
for  combuftion,  in  the  fame  manner,  and  during 
the  fame  time. 

18.  Thus,  as  foon  as  air,  exaélly  fimilar  to 
that  of  the  atmofphere,  was  again  formed,  by 
mixing  with  the  air  already  ufed,  or  exhaufted 
by  combuftion,  a portion  of  oxigen  gas  before 
precipitated  from  the  atmofpheric  air  in  a burn- 
ed body,  equal  to  that  which  it  loft;— fince  a real 
fynthefis  of  common  air  was  thus  effected,  it  is 
very  natural  to  conclude  that  the  analyfis  of 
common  air  was  truly  made  by  combuftible 
bodies  ; that  the  latter,  immerfed  in  air,  gra- 
dually abforb  its  oxigen,  and  feparate  a certain 
quantity  of  its  folvent  caloric  ; that  they  are 
only  capable  of  taking  this  principle,  which 
is  alone  lufceptible  of  making  them  burn  ; that 
they  do  not  in  any  manner  affeét  that  portion 
which  is  not  oxigen  gas,  and  that  the  elaftic 
fluid  which  remains  after  combuftion  being  a 
mephitic  gas,  extinguifhing  burning  bodies  and 
killing  animals,  it  may  be  concluded,  with  La- 
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y oî fier,  that  common  air  is  really  a compound 
of  two  gafes,  oppoiite  in  their  nature  with  re- 
ipeftt  to  combuftion  and  refpiration. 

19.  Twenty-feven  parts  of  oxigen  gas,  and 
ieventy-three  parts  of  a mephitic  gas,  not  ab- 
forbable  by  combuftible  bodies,  and  not  ca- 
pable of  affifting  their  combuftion,  therefore 
compofe  the  atmofpheric  air  under  the  moft 
ufual  circumftances.  It  cannot  be  faid  that 
the  mephitic  gas  is  formed  by  the  eftebl  of  com- 
buftion, and  that  confequently  air  is  a fimple 
lubftance,  identical  in  its  conftituent  particles  ; ' 
for  common  air  can  be  formed  originally,  by 
mixing,  in  the  proportions  above-mentioned  ; 
oxigen  gas,  and  the  kind  of  mephitic  gas 
which  is  thus  formed,  after  having  obtained 
both,  from  fubftances  foreign  to  the  atmofphere, 
arc,  in  reality,  very  different  from  each  other, 
as  will  be  proved  in  the  following  article,  where 
we  fhall  treat  of  the  nature  of  this  mephitic  gas 
of  the  air,  which  cannot  be  formed  by  combuf- 
tible bodies,  during  their  combuftion. 

20.  As  combuftible  matters  eft  eel,  during 
their  combuftion,  a real  analyfis  of  the  air,  it  has 
been  concluded,  that  if  the  latter  fhould  vary 
in  the  proportions  of  its  two  principles,  thefe 
variations  might  be  eftimated  with  accuracy  ; 
and  hence  originated  eudiometry,  or  the  art  of 
difeovering  the  purity  of  air  by  inftruments 
called  eudiometers  ; the  mechanifm  and  gene- 
ral difpofttiori  of  which,  are  fuch,  that  they 
contain  well-meafured  quantities  of  air,  and  in- 
dicate 
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clicate  with  precifion  how  much  of  this  mea- 
fared  air  contributes  to  combuftion,  as  alfo 
what  refiduum  it  leaves  after  the  combuftion  is 
over.  To  be  well  acquainted  with  the  life  of 
this  infiniment,  it  muft  be  known  that  all  com- 
buftible  bodies  do  not  carry  off  entirely,  by  the 
firft  adlion,  and  by  a fingle  operation,  all  the 
oxigen  gas  of  the  air;  that  feme  abforb  more 
than  others  ; that,  in  this  refpedt,  a choice  fhould 
be  made  between  them,  and  according  to  that 
choice,  each  nudiometrical  procefs  ought  to  be 
treated  in  particular  under  the  article  of  each 
combuftible  body,  which  we  dial!  take  care  to 
perform.  It  is  only  necelTary  to  ft  ate  here,  that, 
by  modern  eudiometrical  proceffes,  and  particu- 
larly by  the  important  refearches  of  M.  Hum- 
boldt, we  have  learned  that  the  proportions  of 
the  two  aerial  fluids  may  vary  to  fuch  a degree, 
that  the  oxigen  gas  may  conftitute  from  0,23 
to  0,29  parts. 

21.  Each  combuftible  body  not  only  has  a 
different  capacity  for  fixing  or  confuming  at- 
mofpheric  oxigen  gas,  by  which  they  all  differ 
in  their  eudfe metrical  ufes  ; but  alfo,  on  com- 
paring thefe  bodies  together,  a general  diffe- 
rence is  found  to  exifl  between  them,  which 
muft  cauie  their  utility  to  vary  confiderably 
with  refpedf  to  the  analyfis  of  air.  If,  in  fhort, 
the  greateft  number  have  the  property  of  ab- 
forb ing  oxigen,  more  or  lets  folid,  and  confe- 
quently  of  ditninifhing  the  volume  of  air,  there 
are  alfo  others  which  melt  in  oxigen  gas,  while 
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themfelves  lofe  their  folid  ftate,  —which  difap- 
pear,  and  do  not  all,  or  but  in  a very  fmall 
degree,  diminifh  the  bulk  of  the  air.  It  is 
thus  that  on  burning  tallow,  candles,  wax,  or 
wax  candles,  oils,  alcohol,  ether,  and  carbona- 
ceous fubftances  in  general,  in  a certain  quan- 
tity of  atmofpheric  air,  this  elaftic  fluid  expe- 
riences  very  little  diminution  in  its  bulk,  and 
confequently  we  cannot  form  an  opinion  of  its 
quantity  or  nature  from  fuch  diminution.  This 
circumftance  will  be  explained  at  greater  length 
in  feveral  of  the  fubfequent  articles, 

22.  Although  the  analyfis  of  air,  and  an  ex- 
adt  knowledge  of  the  proportion  of  its  two  ga4* 
feous  principles  be  effential  in  many  chemical 
operations,  it  is  proved  that  the  hopes,  which 
had  at  firft  been  entertained,  as  to  the  utility  of 
eudiometrical  refults  in  medicine  are  ftill  only 
illufive,  and  that  the  effects  of  atmofpheric  ait 
as  the  caufe  of  difeafes,  are  not  to  be  attributed 
to  this  proportion,  but  to  caufes  yet  unknown, 
or  not  hitherto  afcertained  by  our  phyfical  and 
chemical  means.  V arious  miafmata,  that  is  to  fay 
very  fine  particles,  alfo  foreign  to  the  two  gafes 
which  conftitute  the  mafs  of  the  air,  may  be 
fufpended,  diffolved,  and  tranfported,  fo  as  to 
produce,  in  the  liquids  or  folids  of  animals  who 
refpire  it,  difeafes  or  alterations  more  or  lefs 
confiderable.  The  eudiometrical  proceffes  de- 
tect none  of  thefc,  and  throw  no  light  upon 
their  nature,  their  difference,  their  quantity,  or 
adtion. 

You  L P 23.  It 
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23.  It  is  the  Dime  with  a number  of  foreign 

fubftances  in  the  two  conflit uent  gafes  of  the 

^ * 

atmofphere,  which  can  only  he  eflimated  with 
difficulty,  and  by  methods  of  approximation  fo- 
reign to  the  eudiometer,  fuch  as  the  electric 
fluid,  the  magnetic  fluid,  light,  caloric,  vege- 
table, animal,  or  mineral  powders,  which  flut- 
ter from  all  parts  in  the  air  of  the  atmôfpliere, 
and  which  inceflantly  caufe  a variation  in  its 
quantity  and  nature.  The  fame  obfervations 
muft  neceffiarily  be  applied  to  water  itfelr,  the 
proportion  of  which  cam  be  meafured  between 
certain  limits  in  the  air,  but  the  real  quantity  of 
which  cannot  exabtlv  be  afcertained;  bccaufe 
we  have  no  fixed  term  to  proceed  from. 

24.  We  may  add  to  this,  that,  in  the  atmo- 
fphere, there  is  conftantly  found  a imall  quan- 
tity of  volatile  and  gafeous  acid,  known  by 
the  name  of  carbonic  acid,  which  will  be  treated 
of  at  length  in  the  third  feetion  of  this  .work. 
It  is  in  the  proportion  of  0,01  to  0,02  ; and  not- 
withftanding  the  fmallnefs  of  the  quantity,  it  is 
fuflicient,  in  confequcncc  of  the  air  which  is  fo 
often  renewed  at  the  furface  of  bodies,  to  caufe 
a number  of  effects  and  phenomena  which  will 
be  appreciated  in  proportion  as  our  chemical 
courfe  fliall  be  difclofed  in  the  following  articles. 


25.  The  atmofpheric  air  ferving  for  com  bul- 
lion and  relpi  ration  only  in  confequence  of  the 
0,27  parts  of  oxigen  gas  it  contains,  and  the 
fpecies  of  mephitic  gas  which  forms  0,73  parts 
of  its  competition,  and  which  will  be  inveftb 
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gated  in  the  following  article,  under  the  name 
of  azote  gas,  not  contributing  in  any  manner  to 
thefe  phenomena, — -Lavoifier  has  represented  the 
latter  as  a paffive  principle,  and  the  fir  ft  only 
has  been  obferved  in  fome  decree  as  the  caufe  of 
all  the  chemical  properties  of  the  air.  If  is  ne- 
eeffary  h.owever  to  obferve,  in  this  re  foe  eh  that 
if  the  azote  gas  were  really  a paffive  principle  in 
combuftion,  as  this  illuftrious  chemift  would  in- 
finuate,  doubtlefs,  with  the  intention  of  render- 
ing his  beautiful  theory  more  clear  and  intelli- 
gible, the  atmofpheric  oxigen  would  burn  bo- 
dies with  an  activity  and  quicknefs  equal  to 
that  of  the  former  gas  ; and  it  is  a well-known 
fact  that  this  effect  does  not  thus  take  place, 
and  that  there  is  a great  difference  between  the 
manner  of  burning  in  atmofpheric  air  and  in 
pure  oxigen  gas.  The  fame  effect  is  feen  with 
an  artificial  mixture  of  this  gas  in  the  propor- 
tion of  0 ',27,  with  azote  gas  in  the  proportion  of 
0,73,  or  with  the  real  factitious  air  of  modern 
chemifts.  In  this  factitious  air,  oxigen  gas 
lofes,  by  the  addition  of  azote  gas  in  the  pro- 
portion indicated,  its  property  of  burning  the 
combuftible  bodies  with  the  activity  and  bril- 
liancy which  it  gives  to  their  combuftion  when 
it  is  pure;  and  it  cannot  Ire  doubted,  but  that 
this  modification  is  produced  by  the  addition 
of  azote  gas.  It  appears  that  when  thefe  two 
gafes  are  mixed,  they  penetrate  and  approach 
each  other;  for  the  fpecific  gravity  of  the  mix- 
ture is  rather  more  confiderable  than  the  mean 
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terni  of  that  of  the  two  gafes  ; that  they  are 
eondenfed  ;*that  a combination  is  in  fome  de- 
gree commenced  between  them  ; and  that  the 
Oxigen  gas  being  enveloped  and  as  it  were  la- 
tent in  nearly  three  parts  of  azote  gas,  cannot 
then  re-adt  upon  combuftible  bodies,  the  fame 
as  when  it  is  alone  : thefe  bodies  are,  therefore, 
obliged  to  withdraw  it  from  this  kind  of  com- 
bination, and  to  employ  for  this  fpecies  of  at- 
traction, an  effort  which  will  retard  their  union 
with  oxigen,  and  diminifh  the  energy  of  their 
eombuftion,  either  in  the  quicknefs  or  activity 
of  the  phenomena  which  accompany  it.  It  is, 
therefore,  the  fame  with  the  oxigen  gas  lodged 
between  the  particles  of  azote  gas,  as  with  a fait, 
an  acid,  or  alcohol,  dilfolved  and  diluted  in  wa- 
ter: their  properties  remain  the  fame  ; but  their 
tafte,  and  their  tendency  to  combination  are 
diminiflied  or  weakened  by  the  interpofition  of 
the  watery  particles  between  their  own  particles. 

$6.  All  thefe  chemical  fa  els  relative  to  the  pro- 
perties of  atmofpheric  air,  which  have  been  ac- 
quired by  the  refearches  of  the  moderns,  and  have 
produced  many  happy  alterations  in  the  theory 
of  the  fcience,  afford  innumerable  applications 
to  the  different  branches  of  chemiftry  that  have 
been  pointed  out  in  the  ftrft  feélion  of  this 
work.  There  is  fcarcely  any  department  which 
does  not  derive  fome  important  and  ufeful  in- 
formation from  thefe  difcoveries.  Among  thefe 
in  particular,  are  meteorological  chemiftry, 
which  relates  to  the  knowledge  of  various  mo- 
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difîcations  or  phenomena  in  the  atmofphere  ; 
mineral  chemiftry,  regarding  the  changes  which 
take  place  in  foffils  by  the  contact  of  air;  ny> 
dicinal  or  domeftic  chemiftry,  for  the  choice, 
the  correction,  and  purity  of  this  fluid  ; vege- 
table and  animal  chemiftry,  relative  to  the  in- 
fluence of  air  upon  vegetation  and  annualiza- 
tion ; and  laftly,  manufacturing  and  pharmaco- 
logical chemiftry,  for  the  addon  of  its  contact; 
more  or  lefs  enlarged  or  in  other  infiances  kept 
off  and  prevented  in  the  preparation  of  a great 
number  of  produdfs  of  the  arts  and  of  medi- 
cine. A great  number  of  examples  of  thefe 
multiplied  applications  will  be  given  as  we  pro- 
ceed. 


Article  VI. 

Concerning  Azote  and  Azote  Gas . 


1.  AZOTE  is  a ftmple  body  in  the  fame  con- 
dition with  regard  to  us  as  oxigen  ; it  cannot 
be  obtained  in  a ftate  of  purity.  It  is  always 
either  fufed  in  caloric  in  the  form  of  gas,  when 
it  has  the  name  of  azote  gas  ; or  liquid  and  folid 
in  certain  natural  and  artificial  compounds.  If 
it  exifts  alone,  either  in  the  folid  or  liquid 
form,  in  nature,  it  has  hitherto  eluded  the  re- 
fear  ches  of  chemifts. 

2.  Like  oxigen,  azote  remained  for  a long 
time  unknown  : its  difeovery  has  not  even  been 
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a direct  confequence  of  that  of  mo  ft  of  the 
other  elaftic  fluids.  The  m.o ft  celebrated  fo- 
reign philofophers  long  confounded  it  with  ex- 
haufted  air,  changed  air,  or  rather  have  for  a 
long  time  believed  that  it  was  only  air  infected 
by  phlogifton,  becaufe  they  knew  and  examined 
it  only  in  the  refidue  of  common  air  which  had 
ferved  for  combuftion  and  refpi ration;  and  be- 
caufe they  fuppofed  it  to  be  the  confiant  pro- 
duct of  this  alteration  of  the  air,  and  that  this 
alteration  conftfted  in  a furcharne  of  an  ini  a- 

O 

ginary  principle  named  phlogifton,  they  for  a 
long  time  denominated  this  fubftance,  which 
they  only  knew  in  the  gafeous  ftate,  phlogifti- 
cated  air. 

3.  Lavoifier  is  the  fir  ft  chemift  who  imagined 
and  proved,  by  his  accurate  experiments  on 
combuftion,  that  azotic  gas  is  contained,  or  exifts 
ready  formed  in  atmofpheric  air  ; that  combuf- 
tible  bodies  contribute  nothing  to  its  forma- 
tion ; that  they  only  fet  it  free,  or  infulate  it, 
or  feparate  it,  by  abforbing  the  oxigen  and  di- 
niinifhing  the  volume  of  common  air  ; that  it 
is  entitled  to  a peculiar  name,  diftinét  from  all 
the  other  elaftic  fluids.  To  diftinguifh  it  ac- 
curately inftead  of  confounding  it  with  the 
other  mephitic  gafes,  and  particularly  with  the 
carbonic  acid,  which  has  long  been  diftinguifli- 
ed  by  that  name  under  the  gafeous  form,  La- 
voifier fir'ft  called  it  atmofpheric  mofette,  or 
mephifes,  after  the  Italian  word  given  to  dele- 
terious 
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terious  gafcs,  which  are  difengagecl  from  the 
earth,  and  collected  in  its  cavities, 

4.  Citizen  Berthollet  afterward  iliowed  that 
the  bafe  of  this  gas  enters  into  the  combination 
of  many  folid  and  liquid  fubftanccs.  M.  Ca- 
vcndifh  difcovered  it  in  an  acid  very  frequently 
riled,  and  which  will  loon  be  treated  of.  I have 
myfelf  made  a very  confiderable  feries  of  re- 
fearches  concerning  the  combinations  of  this 
principle,  and  its  difengagement  during  the 
combuftion  of  the  different  fubltances  which 
contain  it.  In  confequence  of  all  thefe  invef- 
tigations,  the  French  chemiits,  perceiving  tlie 
neceffity  of  claffmg  this  fubftance  among  thole 
which  nature  employs  in  many  of  her  com- 
pounds, and  of  ftudying  its  properties  and  at- 
tractions with  care,  have  diftingui fired  it  by  the 
name  of  azote.  Some  foreign  chemifts  have 
propofed  to  give  to  it  the  name  of  fepton  : it 
will  be  feen  on  what  foundation  this  lait  propo- 
fition  is  grounded. 

5,  Nature,  has  without  doubt,  placed  azote 
among  its  elements,  or  the  primitive  fubltances 
moft  ufeful  to  her  views  and  phenomena,  hecaufe 
the  has  expanded  fo  great  a quantity  of  it  on 
the  furface  of  the  globe,  and  becaufe  ilic  has 
formed  of  it  0,73  of  the  atmofphere  of  the  earth. 
Common  air  contaihing  almoft  three  times  as 
much  azote  in  the  ftate  of  gas  as  of  oxio*en 
under  the  fame  form,  there  is  reafon  to  believe 
that  it  is  of  ufe  in  very  multiplied  and  very  im- 
portant purpofes;  and  that  chemiftry  is  yet 

very 
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very  far  from  having  determined  the  whole  of 
them. 

6 . Since  azotic  gas  is  contained  ready  form- 
ed,  and  in  very  great  abundance  in  atmofpheric 
air,  it  is  evident  that  all  the  proceffes  ot  che~ 
miftry,  by  which  oxigen  is  abforbed  by  caufrng 
it  to  lofe  the  form  of  gas,  may  ferve  to  obtain 
azotic  gas,  provided  they  completely  feparate 
from  it  the  principle  of  combuflion.  But 
though  the  means  of  infulating  azotic  gas  are 
very  multiplied  in  theory,  becaufe  all  the  com* 
buftible  bodies  and  all  the  relpiring  animals 
appear  to  accomplit!!  this  purpofe  ; yet  fmce  the 
greater  number  of  thefe  bodies  either  do  not 
carry  off  the  laft  proportions  of  oxigen,  or  are 
completely,  or  in  part,  fufed  in  gafeous  oxigen, 
the  number  of  combuftibles  which  are  of  ufe 
fuccefsfully  to  infulate  and  enable  us  to  ob- 
tain azotic  gas  feparate,  is  very  inconfide- 
rable. 

7.  According  to  the  procefs  of  Lavoifier,  the 
pyrophorus,  a fpecies  of  combuftible  fulphurat- 
ed  carbonaceous  product,  which  will  be  fpoken 
of  more  fully  in  another  lection,  is  ufeful  for 
obtaining  atmofpheric  azotic  gas  by  abforbing 
all  the  oxigen  ; but  it  forms  a gafeous  acid, 
which  muft  be  carried  off  before  the  azotic  gas 
can  be  had  very  pure.  If  it  were  poffible  to 
burn  phofphorus,  or  a metal  in  the  air,  without 
extraordinary  care  and  expence,  very  pure 
azotic  gas  might  be  thus  procured;  becaufe 
thefe  fimple  combuftibles  fix  all  the  oxigen  : but 
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thefe  procédés,  being  attended  with  much  lofs, 
and  being  too  tedious  and  delicate  for  practice, 
cannot  be  employed  with  advantage. 

8.  Scheele  has  made  a difcovery  relative  to 
the  art  of  obtaining  pure  azotic  gas,  of  which 
he  himfelf  did  not  know  the  full  value  : in  the 
hands  of  the  French  chemifts,  it  has  become  one 
of  the  heft  procédés  for  obtaining  that  product. 
A fpecies  of  combuftible  preparation  which  will 
be  defcribed,  in  one  of  the  following  articles, 
under  the  name  of  earthy  or  alkaline  fulphuret, 
is  diffolved  in  water  ; with  this  folution  the 
eighth  part  of  a great  flafk,  or  bottle  of  the  ca- 
pacity of  feveral  litres  is  filled  ; the  reft  is  full 
of  air;  the  vedel  is  well  corked,  and  reverfed;  the 
opening  at  the  bottom  is  plunged  into  another 
vedel  full  of  water,  in  order  to  intercept  all 
communication  with  the  atmofphere.  After 
fome  days,  the  fulphurated  folution  is  found  to 
have  abforbed  all  the  oxigen  of  the  air.  If  the 
flafk  be  uncorked  under  the  water,  this  duid 
afcends  and  replaces  the  abforbed  oxigen  ; it  is 
found  that  about  the  fifth  of  the  volume  of  the 
gas  has  difappeared;  the  refidue  of  the  gas  is 
then  well  wafhed  by  agitating  pure  water  in  the 
vedel,  and  this  refidue  is  the  pure  azote  gas. 

9.  Citizen  Berthollet  has  difcovered  a fhort- 
er  and  Ampler  procefs  to  procure  this  gas,  which 
is  abundantly  contained  in  the  flefli  of  animals  : 
he  difengages  it,  by  treating  this  fubftance 
with  weak  nitric  acid  in  a fuitable  apparatus.  A 
confiderable  quantity  of  azotic  gas  is  obtained 
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by  this  means  : I have  fmce  difcovered  that  it 
exiffs  pure  in  the  natatory  veffels  of  the  carp. 
It  is  fufficient,  therefore,  when  a great  number 
of  thefe  veffels  can  be  procured,  which  is  not 
difficult  in  the  fdh  markets,  to  break  this  mem- 
brane in  the  pneumato-chemieal  apparatus  un- 
der veffels  fUled  with  water  ; the  azotic  gas 
efcapes,  rifes,  and  is  collected  in  the  upper  part 
of  the  veffels.  In  whatever  manner  azote  gas  is 
obtained,  if  it  be  well  prepared,  it  poffeffes,  in 
every  in  ft  an  ce,  confiant  and  char  adder  i ft  ic  pro- 
perties. 

10.  Azote  gas,  the  neareft  poffible  to  tbeftate 
of  purity  in  which  azote  can  be  fuppofed,  be- 
caufe  it  is  only  combined  with  caloric,  has  all 
the  apparent  properties  of  atmofpberic  air;  it 
has  an  infipid  animal-like  fmell  ; it  has  no  fen- 
fible  tafte  ; its  weight  is  a little  lefs  than  that  of 
atmofpheric  air;  it  weighs  nearly  one  hundredth 
and  a half  lefs  than  that  fluid.  The  decimetre 
cube  of  this  gas  weighs  nearly  1 1,90  decigrams, 
and  the  cubic  metre  nearly  11,90  hectograms 
(the  cubic  inch  of  France,  a little  more  than 
0,44  of  a grain  ; the  cubic  foot,  one  ounce,  two 
gros,  forty-three  grains,  according  to  Lavoi- 
fier).  It  is  for  this  reafon  that,  of  two  lighted 
tapers  in  a receiver  full  of  air,  the  moff  elevated 
is  firffc  extinguithed. 

11.  When  an  inflamed,  or  burning  body,  is 
plunged  into  azote  gas,  the  combuftion  is  quick- 
ly flopped,  and  the  inflamed  body  is  extin- 
smithed  as  if  in  water  ; an  animal  is  no  lefs  ra~ 
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pidly  deprived  of  life.  If  neither  of  thefe  re- 
main in  this  deleterious  gas  till. it  has  loft  a cer- 
tain elevation  of  temperature,  the  one  is  again 
kindled  with  explofton,  and  the  other  is  fud* 
den'ly  recalled  to  life,  by  placing  them  in  exi- 
ge n gas.  Azotic  gas  being  neither  combuftible 
nor  refpirable  in  its  own  nature,  is  therefore 
oppofed,  under  this  point  of  view,  to  oxigen 
gas.  That  fubftance  was  formerly  named  vital 
air,  this  by  oppofttion  was  named  at  firft  azote 
°'as 

12.  No  fubftance  yet  known  poffeftes  the 
property  of  fixing*,  or  precipitating  from  its  fol- 
vent,  azote  in  the  ftate  of  gas  ; at  leaft  this  pro- 
perty has  not  yet  been  di  (covered  in  any  fub- 
ftance. It  is  for  this  reafon  that  chemifts  can 

\ 

make  but  few  experiments  on  this  elaltic  fluid  ; 
and  that  excepting  the  negative  fa 61s  of  extin- 
gui  thing  lighted  candles,  of  killing  animals,  of 
not  being  abforbed  either  by  water,  by  the  acids, 
or  by  the  alkalis,  of  not  altering,  in  any  man- 
ner, certain  vegetable  colours,  facts  by  which 
this  gafeous  body  is  cliftinguifhed  from  all 
others,  and  which  charactenfe  it,  there  is  no 
procefs  known  to  determine  the  properties  of 
azote  in  this  ftate,  becaufe  nothing  can  deprive 
it  of  caloric,  and  caufe  it  to  lofe  its  gafeous 
form. 

13.  Azote  gas  does  not  a6t  in  any  manner 
on  light,  neither  does  light  a6i  in  any  manner 

* on  it.  It  is  dilated  by  caloric,  in  a relation 
which  is  not  yet  determined,  but  without  chang- 
ing 
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mg  its  nature.  It  is  not  united  with  oxigen 
in  the  ftate  of  elaftic  fluid  : mixed  with  oxi- 
genous  gas,  it  forms  common  air  in  the  propor- 
tion of  0,73  to  0 ,£7  of  the  oxigen  gas;  added 
to  atmofpheric  air,  it  renders  it  very  dangerous 
to  animals,  when  its  proportion  exceeds  the  third 
of  that  which  exifts  already  in  that  air  ; refpired 
in  a mixture  above  that  laft  proportion,  it  di- 
mini fh  es  the  vital  activity,  irritability  and  heat  : 
phyficians  have  begun  to  mix  it  thus  with  air  to 
caufe  it  to  act  as  debilitating,  cooling,  and 
afthmic. 

14.  Though  it  is  certain  that  oxigen  and 
azote  gas,  merely  mixed,  form  fpecies  of  com- 
mon air  in  variable  proportions,  it  is,  never- 
thelefs,  proved,  that  each  of  thefe  bodies  when 
folid  or  liquid,  and  particularly  azote  in  the 
nafcent  ftate,  that  is  to  fay,  before  it  is  difen- 
gaged  from  bodies,  and  has  affumed  the  form 
of  gas,  abforbs  oxigen  in  the  gafeous  ftate. 
When,  under  this  laft  circumftance,  the  quan- 
tities of  a mixture  of  thefe  two  gafeous  bodies 
are  fo  proportioned,  that  the  oxigen  gas  confti- 
tutes  0,7,  and  azote  gas  0,3  in  weight,  and  they 
are  expofed  to  eledtric  difcharges,  or  fparks  ; in 
either  cafe,  one  or  both  of  the  gafes  lofe  their 
elaftic  form,  become  fixed,  and  unite  in  fuch  a 
manner  as  to  form  a fpecies  of  acid  known  by 
the  name  of  nitric,  as  will  be  explained  more 
fully  in  the  article  of  that  acid  in  the  third  fee* 
tion.  This  refait  alone  proves  that  azote  ap- 
proximates 
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proximates  to  combuftible  bodies,  and  ought  to 
be  placed  in  that  clafs. 

1 5.  It  would  be  difficult,  in  this  place,  to  treat 
of  the  properties  communicated  by  azote,  fixed, 
liquid  or  folid,  to  the  compounds  of  which  it 
forms  one  of  the  conftituent  principles  ; be  fid  es 
which  this  would  not  have  the  advantage  which 
the  like  information,  concerning  oxigen,  has 
prefen  ted,  becaufe  the  fmall  number  of  known 
combinations  of  which  azote  forms  a part,  do 
not  offer  thefe  characters  of  general  properties 
fimilar  to  thofe  found  in  oxigenated  bodies,  all 
which  refemble  each  other  in  fuch  a manner  as 
to  form  a fyftem  of  comparative  compounds. 
It  is  fufficient  therefore  to  obferve,  that  azote 
exifts  in  a fpecies  of  alkali  ; that  it  is  abun- 
dantly fixed  in  animal  matters,  and  in  fome  ve- 
getable fub fiances  ; and  that  it  gives  them  cer- 
tain properties  which  will  be  appreciated  in 
another  article. 

16.  We  poffefs  too  few  fa6ts  to  enable  us  to 
compare  the  knowledge  acquired,  concerning 
azote  and  azotic  gas,  with  that  which  has  been 
collected  concerning  oxigen  and  oxigen  gas. 
Chemiflry  has  fcarcely  commenced  the  exami- 
nation of  the  firft  of  thefe  bodies,  and  has,  ne- 
verthelefs,  made  capital  difcoveries  on  many  of 
its  combinations  : but  much  more  ftill  remains 
to  be  done  ; and  the  abundance  with  which  na- 
ture has  dilfufed  azote  in  the  atmofphere,  a 
truth  to  which  the  meditations  of  philofophers 
cannot  too  ftrongly  be  directed,  announces  that 

this 


this  principle  is  one  of  thofe  which,  by  the  fuy 
ture  refearches  of  die  mills,  will  conduct  them 
farthell  in  the  find  y of  the  phenomena  of  our 
globe,  and  to  the  è'xtenfion  of  natural  philofo- 
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Article  Vi L 

Concerning  Ilidrogeri , and  Hidro gen  Gas. 

I.  ANOTHER  fubftance  prefents  itfelf  in 
the  fame  hate  as  oxigen  and  azote  ; chemifts 
have  never  been  able  to  procure  it  feparate 
and  pure  ; they  have  abfolutely  no  means  of 
procuring*  it  fo,  and  they  have  not  yet  any  proof 
that  it  exifls  in  that  ftate  in  nature.  They  are 
obliged,  in  order  to  difcover  its  properties,  to 
examine  it  in  the  hate  of  gas,  which  approaches 
neareh  to  that  of  its  purity,  and  to  examine 
thofe  properties  which  it  communicates  to  bo- 
dies that  contain  it,  or  with  which  nature  pre- 
fents it,  combined. 

£.  It  is  neceffary,  in  the  fir  A place,  to  know 
that  before  the  experiments  of  the  French  die-* 
mihs,  and  particularly  before  the  eftablilhment 
of  their  methodical  nomenclature,  we  poflelfed 
no  real  knowledge,  nor  any  pohtive  idea,  about 
what  they  denominated  hidrogen.  Philo  fo- 
phers  who  had  attended  only  to  fome  of  the 
properties  of  inflammable  air,  were  not  engaged 
either  in  difeovering  or  in  appreciating  the 
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nature  and  tlie  fixation  of  its  bafe;  befides 
which  they  had  began  to  adopt,  concerning  this 
fpecies  of  gas,  notions  very  different  from  thofe 
which  the  pneumatic  chemifts  have  formed  of 
it,  and  have  fince  proved. 

3.  Hidrogen,  according  to  all  the  inquiries 
which  have  been  directed  to  afcertain  its  nature 
and  its  properties,  is  the  bafe  of  pure  inflamma- 
ble gas,  which  has  been  named,  according  to 
the  fame  courfe  of  the  nomenclature,  hidrogen 
gas.  It  is  a body  eminently  combuftible,  of 
which  the  fpecific  character,  the  fource  of  the 
name  which  has  been  given  to  it,  is  to  form  wa- 
ter witli  oxigen  which  burns  it;  it  is  very  fa- 
llible in  caloric,  and  moft  eafily  affumes  the 
gafeous  form  the  rareft  poffible  ; it  is  found  fix- 
ed in  many  combinations;  and  its  properties, 
exactly  and  methodically  known  in  the  pneuma- 
tic experiments  and  doctrine,  have  much  ad- 
vanced the  general  theory  of  chemifhy.  It 
is  neceifary  to  ftudy  hidrogen  gas  and  hidrogen 
in  fucceffion. 

4.  Though  we  have  long  poffeffed  fome  know- 
ledge of  the  natural  inflammable  vapours  of  the 
mines,  and  coal  pits,  as  well  as  of  thofe  which 
are  difengaged  in  many  operations  of  chemiftry, 
fuch  as  the  metallic  folutions  in  the  acids,  See.  ; 
though  their  combuftible  and  detonating  pro- 
perties have  been  remarked  and  deferibed,  as 
may  be  feen  in  the  works  of  Boyle,  of  Hales,  of 
Boerhaave,  and  of  Stahl,  it  was  not  till  1766 
that  M.  Cavendith  well  alcertained  theexifience 

of 
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of  this  elaftic  fluid,  and  properly  diftinguiihecf 
it  from  all  others,  by  colleéling  feparately,  and 
diftinguiihing  its  properties.  M.  M.  Pr  left  ley, 
Sennebier,  and  Volta  then  ftuclied  it  with  care 
in  moil  of  its  combinations  It  was  then  called 
inflammable  air,  or  inflammable  gas.  In  1787, 
by  admitting  it  as  formed  of  a Ample  fubftance 
fufed  in  caloric,  and  by  carefully  diftinguiihing 
its  bafe  from  the  gas  itlelf,  the  pneumatic  che- 
mifts  of  France  have  characierifed  it  by  the 
words  hidrogen  gas,  and  hidrogen. 

5.  It  'is  not  among  natural  products  that  hi- 
drogen gas  is  to  be  collected.  That  which  is 
abundantly  difen  gaged  from  beds  of  fofftl  coal, 
moiftened  or  expofed  to  the  air,  of  putrid  vege- 
tables, at  the  bottom  of  ftagnant  waters,  of 
ponds,  of  marines,  of  peat  foil,  contains  but  a 
fmall  quantity  of  pure  hidrogen  gas.  It  con- 
tains many  different  fubftances  in  folution,  and 
its  properties  vary  fmgularly  according  to  the 
number  and  the  proportion  of  thefe  fubftances. 
It  is  the  finie  with  what  exhales  from  flaming 
volcanos,  red  lava  flowing  into  water,  and  from 
fulphureous  mineral  waters.  It  will  be  feen 
hereafter,  that  thefe  gafes  are  rather  different 
fpecies  of  inflammable  gafes,  of  which  hidrogen 
gas  indeed  conftitutes  the  bale,  but  in  which 
this  gas  is  as  the  folvent  of  many  different  mat- 
ters, and  in  various  proportions. 

6.  To  obtain  the  pureft  hidrogen  gas,  or  ra- 
ther the  leaft  pofflbly  impure,  becaufe  it  is  a 
problem-  ftill  unrefolved  in  chemiftry,  to  ob- 
tain 
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tain  it  in  a ftate  of  perfeét  purity,  the  action  of 
water  on  ignited  iron,  or  a very  gentle  folution 
of  iron  or  zinc  in  the  diluted  fulphuric  or  mu- 
riatic acid  are  ufed.  During  the  mutual  adtion 
of  thefe  matters,  and  by  the  force  of  eledtive  at- 
tractions, which  will  be  explained  in  the  fixth 
fedtion  of  this  work,  the  hidrogen  gas  is  difen- 
gaged  and  colledted  in  a fuitable  apparatus  ; that 
is  to  fay,  in  glafs  jars,  or  flafks  full  of  water,  in- 
verted on  the  ill  elf  of  the  pneumatic  trough, 
under  which  are  the  extremities  of  the  tubes 
proceeding  from  the  bottles  where  the  folutions 
are  inverted.  All  the  other  operations  in  which 
inflammable  gates  are  obtained,  fuch  as  the  dif- 
tillations  of  organic  matters,  give  but  very  im- 
pure hidrogen  gas,  from  which  the  different 
fubftances  which  contaminate  it  cannot  be  fe- 
parated. 

7-  Hidrogen  gas  obtained  by  the  two  general 
proceffes  here  pointed  out,  and  of  which  the  de- 
compofition  of  water  is  the  common  fource,  as 
I have  elfewhere  proved,  and  as  the  word  hidro- 
gen and  hidrogen  gas  announce  (which  words 
alfo  exprefs  the  fa6t  of  its  diiengagcment  from 
water  of  which  it  is  one  of  the  principles,  or  its 
refolution  into  water  when  it  becomes  fixed 
into  combinations),  has  not  any  vifible  differ- 
ence from  common  air  or  any  other  eas, 
when  it  is  cnclofed  in  tranfparent  veffcls.  Ne- 
verthelefs,  the  rapidity  with  which  it  is  difen- 
gaged  and  elevated  in  large  globes  above  the 
water,  which  it  traverfes  much  more  quickly 
Vol.  I.  Q than 
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than  any  of  the  other  infoluble  gafes  do,  and 
in  particular  than  oxigen  gas,  common  air  and 
azotic  gas,  we  may  tea  certain  point  diftinguiih 
and  afeertain  them.  This  quick  difengage- 
ment,  this  accelerated  afcenfion  depend  on  its 
great  levity. 

8.  When  it  is  as  pure  as  poffible,  hidrogen  gas 
weighs  only  one-thirteenth  part  of  common  air  : 
it  is  feldom  that  it  is  obtained  fufficiently  pure 
to  poffefs  this  levity.  Its  ufual  weight,  accord» 
ing  to  the  experiments  of  Lavoifier,  is  fueh  that 
a cubic  decimetre  of  this  gas  amounts  to  more 


than  0,94  of  a decigram  ; confequently  a cubic 
metre  weighs  0,94-  of  a hectogram.  (The  French 
cubic  inch  of  hidrogen  gas  weighs  nearly  0,035 
of  a grain;  and  the  cubic  foot  6 1, 15  grains.) 
It  is  from  this  lightnefs,  molt  commonly  from  9 
to  1 1 exceeding  that  of  air,  that  the  afcenfion 
of  aerobatic  machines,  or  of  (liken  bags  which 
contain  it,  in  the  air  of  the  atmofphere,  origi- 
nates, and  it  is  to  this  magnificent  dilcovery  of 
France  that  philosophy,  which  already  owes  to 
it  the  aggrandizement  of  the  power  and  domi- 
nion of  man,  will  hereafter  owe  to  it  the  know- 
ledge of  the  phenomena  of  the  atmofphere,  and 
the  creation,  as  well  as  the  perfecting  of  me- 
teoric chemiftry.  On  account  of  its  lmhtnels, 
it  may  be  contained  in  open  and  reverfed  vcf- 
fels  ; but  if  their  mouths  be  turned  up,  it  rifes, 
and  is  quickly  replaced  by  the  common  air. 

Q.  Hidrogen  gas  is  alfo  diflinguifhed  from  all 
the  others  by  its  particular  odour.  Though  it 
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has  been  difcovered  by  experience  that  its  odour 
is  Angularly  augmented  by  the  folution  of  fome 
combuftible  bodies  which  it  conceals  fo  fre- 
quently under  its  gafeous  form,  it  is,  neverthe- 
lefs,  certain,  that  it  is  itfelf  poffeffed  of  a weak 
fmell,  confiderably  refembling  that  which  che- 
mifts  have  always  diftinguifhed  by  the  name  of 
empyreumatic,  becaufe,  in  effect,  it  is  to  its  fuper- 
abundance,  and  to  its  difengagement  that  the 
oils,  defcribed  by  that  name,  owe  their  odo- 
rant character. 

10.  As  foon  as  any  inflamed  body  approaches 
hidrogen,  placed  in  contadt  with  air,  it  takes 
fire,  burns  more  or  iefs  calmly,  without  crack- 
ling, with  a white  flame,  the  colour  of  which  is 
apt  to  vary  by  the  leaft  quantity  of  foreign  mat- 
ter held  in  lblution  in  this  gas.  Tapers,  can- 
dles, paper,  wood,  when  lighted,  communicate 
to  it,  even  at  the  inftant  of  contact,  their 
flame,  and  that  at  every  temperature.  The  elec- 
tric fpark  equally  inflames  it.  Charcoal  and 
the  metals  when  ignited,  do  not  inflame  it. 
As  it  is  the  lightelt  of  all  combuftible  bodies,  it 
is  alfo  the  molt  quickly  burned.  The  mere 
contadl  of  caloric  or  of  light,  infulated  from 
each  other,  do  not  caufe  it  to  take  fire.  The 
firft  dilates  or  rarefies  it  in  a proportion  which 
is  not  yet  known.  The  fame  is  the  cafe  with 
the  refradfion  which  it  caufes  the  rays  of  light 
to  experience:  though  it  is  admitted  to  be  fu- 
perior  in  proportion  to  its  denfity,  and  more 
proportionate  to  that  of  its  combuflibility,  no 
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accurate  experiment  yet  permits  us  to  pro- 
nounce concerning  this  important  object.  No 
preffure,  however  condenfible  this  gas  may  be, 
can  feparate  hidrogen  from  its  folvent,  and  en- 
able us  to  obtain  it  feparately. 

11.  The  properties  already  indicated  in  hi- 
drogen gas  (Nos.  7,  8,  9,  and  10),  prove  that  it 
is  this  which  is  fometimes  difengaged  in  abun- 
dance  from  the  furface  of  the  earth,  elevated  in 
the  fuperior  regions  of  the  atmofphere,  and  there 
collected  in  malfes  more  or  lefs  confiderable, 
which,  by  their  fudden,  rapid,  or  fucceffive  in- 
flammation, produce  the  different  luminous  me- 
teors, fuch  as  lightning,  thunder,  aurora  borealis, 
globes  of  fire,  falling  ftars,  ftreams  of  light,  &c. 

12.  Hidrogen  <j;as  is  not  of  itfelf  definitive 
to  animal  life.  Scheele  firft  refpired  it  feveral 
times  fuceeffively  without  danger  and  almoft 
without  uneafmefs.  Other  ch  end  Its  and  philo- 
fophers  have  fin  ce  repeated  this  experiment  with 
fuccels.  It  therefore  depends  on  the  fenfibility 
of  individuals.  When  living  animals,  are  kept 
immerfed  in  hidrogen  gas,  they  are  rendered  tor- 
pid, and  killed,  rather  from  the  want  of  oxigen,  v 
than  from  the  injurious  impreffion  of  this  gas. 
It  is  more  eafily  refpired,  when  mixed  with  ox- 
men  «‘as  or  common  air.  The  blood  of  animals 

CD  CD 

which  have  perifhed  by  torpidity  in  hidrogen 
gas,  is  of  a deep  violet  colour  almoft  black  ; 
their  heart  and  mufcles  have  loft  all  their  irrita- 
bility. The  caufe  of  thefe  phenomena  will  be 
explained  in  one  of  the  laft  lections  of  this  work. 

Hidrogen 
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Iiiclrogen  gas  is  of  no  more  afliftancc  to  combui- 
tion  than  to  refpiration.  Lighted  or  inflamed 
bodies  plunged  in  it  are  immediately  extin* 
guifhed. 

13.  Hidro  gen  gas  experiences  no  action  on 
the  part  of  oxigen  gas  ; and  thefe  two  fluids 
mixed  in  every  proportion  do  not  unite  at  leaft 
without  remaining  very  long  together  : yet  this 
laft  fa 61  is  not  completely  verified.  But  if,  when 
thefe  two  gafes  are  mixed  in  the  proportion  of 
nearly  one  part  (in  volume)  of  oxigen  gas,  with 
two  parts  of  hidrogen  gas,  or  more  exactly  by 
weight  0,85  parts  of  the  firft,  and  0,15  parts  of 
the  fécond,  an  inflamed  body  be  placed  in  con- 
tact with  the  mixture  ; or  if,  in  the  very  centre 
of  this  mixture,  an  eledtric  difcharge  be  excited, 
fo  rapid  a combuftion  will  take  place,  that  the 
air  will  be  ftruck  with  force,  and  a violent  de- 
tonation will  be  produced.  In  making  this 
experiment  in  clofe  veffels  over  mercury  or  wa- 
ter, there  is  fcarcely  any  relidue,  and  if  the  mea- 
fures  be  exact,  abfolutely  nothing  in  the  gafeous 
form.  Both  of  them  are  converted  by  the  inti- 
mate combination  of  the  two  bates,  oxigen  and 
hidrogen,  into  pure  water  which  correfponds  to 
the  whole  weight  of  the  two  combined  fluids. 
It  is  from  this  beautiful  experiment,  made  and 
many  times  repeated  with  all  imaginable  care, 
that  the  French  chemifts  have  concluded,  as 
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will  be  more  completely  detailed  under  the  ar- 
ticle of  water,  that  this  body  is  a compound  of 
0,85  of  oxigen,  and  0,15  of  hidrogen. 

14.  As 
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14.  At  it  is  well  proved  that  common  air  docs 
not  fupport  com  bullion  but  by  means  of  the 
oxigen  gas  which  it  contains,  it  is  eafy  to  com- 
prehend that,  in  order  to  burn  a given  quantity 
of  hidrogen  gas,  it  is  neoeffary  to  mix  with 
it  a larger  quantity  of  atmofpheric  air  than  of 
oxigen  gas  ; namely,  till  the  proportion  of  the 
latter,  contained  in  the  common  air,  be  fuch 
that  it  ihall  be  nearly  fix  times  the  bulk  of  the 
hidrogen  gas.  Thus,  to  burn  rapidly  or  to 
caufe  to  detonate  two  meafures  of  hidrogen 
gas,  as  in  the  experiment  No,  13,  it  is  neçef- 
fary,  inftead  of  one  meafure  of  oxigen  gas,  to 
add  nearly  five  parts  of  common  air.  The  de- 
tonation has  then  nearly  the  fame  force  ; all  the 
hidrogen  is  burned  and  converted  into  water, 
and  there  is  only  found,  in  the  aeriform  refidue 
which  remains  after  the  operation,  the  azotic 
gas  which  exifted  in  the  atmofpheric  air.  On 
this  is  founded  the  conftrudHon  of  the  eudiome- 
ter of  Volta,  a philofopher  and  profeffor  at  Pa- 
via. It  is  a tube  in  which  is  inflamed,  by  the 
electric  fpark,  different  mixtures  of  hidrogen 
gas,  and  of  the  refpirable  airs  which  are  intend- 
ed to  be  tried.  When  the  detonation  is  made, 
the  water  is  permitted  to  rife  into  the  empty 
fpace,  and  the  nature  of  the  air  which  is  examin- 
ed is  judged  from  the  diminution  of  volume. 
But  this  procefs  is  ftill  more  ufeful  to  explain  the 
cliverfity  of  the  compound  hidrogenous  gafes, 
and-  Citizen  Berthollet  has  employed  it  with 
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iuccefs  for  that  purpofe,  as  will  be  hi  own  elfe- 
where. 

15.  Since  all  the  preceding  facts  prove  that 
hid  rogen  gas  is  eminently  diftinguilhed  from 
every  other  gafeous  body  by  its  inflammability, 
and  from  other  combuftible  bodies  by  the  water 
which  it  forms  when  combined  with  oxigen,  it 
follows,  that  during  this  laft  combination  which 
takes  place,  as  has  been  feen,  by  the  contact  of 
another  inflamed  body,  or  by  the  eledtric  fpark, 
whilft  the  two  gafes  lofe  their  eiaftic  form,  their 
bales  approximate  and  condenfe  into  an  aquc- 
ous  liquid,  and  that  as  they  combine  there  mult 
bedifengaged  a quantity  of  light  and  of  caloric 
proportional  to  the  ftate  of  dcnfity  which  they 
acquire,  and  to  the  capacity  for  caloric  which 
they  allume.  Lavoifier  and  La  Place  have 
eftimated,  by  their  calorimetric  experiments, 
that  one  part  (one  pound  French)  of  hidrogen 
gas,  abforbing  in  its  combuftion  more  than  five 
parts  and  a half  (five  pounds,  ten  ounces,  five 
gros,  twenty-four  grains)  of  oxigen  gas,  d il  en- 
gaged from  the  latter  a quantity  of  caloric  ca- 
pable of  fufing  nearly  300  parts,  (2p5  pounds, 
2 ounces,  Sj-  gros)  of  ice  at  0.  Having  proved 
befides  by  other  experiments,  which  Ï fhali 
mention  under  the  article  of  phofphorus,  that 
this  laft  combuftible  body,  which  difengages 
the  greatelt  portion  of  caloric  from  oxigen  gas, 
and  abforbs  it  as  folidly  as  poflible,  may,  in 
effect,  difengage  from  the  fame  quantity  of  ox- 
igen gas,  a proportion  of  caloric  capable  of 

fufing 

o 


242 


SIMPLE  BODIES  : HIDROGEN. 


fufing  more  than  377  parts  (377  pounds,  12 
ounces,  3 gros)  of  ice,  there  muft  remain  in  the 
water  a quantity  of  caloric,  reprefented  by  more 
than  82-f-  parts  (82  pounds,  9 ounces,  7\  gros) 
of  ice  at  0,  that  is  to  fay,  in  each  part  (pound) 
of  water,  a portion  fufficient  to  fufe  1 2-~  parts 
(12  pounds,  5 ounces,  2 gros,  48  grains)  of 
ice.  Thefe  able  philofophers  do  not,  however, 
reckon  the  caloric  contained  in  the  hidrogen 
gas,  of  which  a great  part  is  undoubtedly  dif- 
engaged,  fin  ce  this  gas,  in  liquefying  into  wa- 
ter, acquires  an  increafe  of  denfity  equal  to  850 
X 13  = 1 1050  more  than  its  bafe  poffeffed 
while fufed  in  caloric;  for  the  weight  of  the  hi- 
drogenous  gas  is  to  that  of  the  air  as  13  : 1,  and 
the  weight  of  air  to  that  of  the  water  as  850  : 1. 
Whence  it  follows,  that  the  oxigen  truly  re- 
-tains  in  the  hate  of  water  much  more  caloric 
than  they  have  announced,  fmce  what  they 
have  meafured  by  the  calorimeter  was  partly 
derived  from  the  hidrogen  gas.  But  it  will  be 
feen  hereafter  that  azote,  in  uniting  with  oxi- 
gen gas,  difengages  from  it  a quantity  of  calo- 
ric much  fmaller,  and  retains  much  more  of  it 
in  its  acid  combination. 

16.  Though  hidrogen  gas  unites  with  oxigen 
gas  only  by  the  effect  of  combuftion,  excited  by 
the  contadt  of  an  inflamed  body,  yet  the  hidro- 
gen, fixed  in  a great  number  of  combinations 
even  folid,  to  which  it  gives,  as  will  be  feen  in 
the  fedtions  of  vegetable  and  animal  com- 
pounds, their  combuftibilty,  volatility,  oily 
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form,  and  frequently  levity,  & c.,  at  the  moment 
when  it  begins  to  be  difengaged  by  the  firft  ef- 
fets of  their  very  eafy  decompofition,  into  that 
ftate  which  modern  chemifts  have  called  nafeent 
hidrogen  gas,  that  is  to  fay,  at  the  very  mitant 
when  it  tends  to  allume  the  gafeous  form,  it  ab- 
forbs  very  eafily,  and  fixes  the  atmofpheric  oxi- 
gen,  compofing  water,  which  is  diffipated  in  va- 
pour in  the  atmofphere,  or  is  collected  in  little 
drops  on  the  furface  of  the  bodies  which  prefent 
this  phenomenon.  The  whole  influence  of  this 
effect,  will  be  developed  under  the  hiftory  of 
thofe  lubftances  in  which  it  takes  place. 

17.  Hidrogen  gas  can  only  be  mixed  without 
contracting  any  chemical  union  with  azote  gas. 

Co  v O 

But  whenever  hidrogen  gas  finds  azote  in  a 
fuitable  proportion,  and  when  both  tend  to  dil- 
engage  themfelves  from  a folid  compound  ufu al- 
ly complicated,  of  which  they  form  two  confti- 
tuent  parts,  they  unite  intimately  and  form  am- 
monia, a fpecies  of  alkali,  the  properties  of 
which  will  be  examined  in  the  following  fee- 
tion.  Its  formation  is  connected  with  fo  great 
a number  of  chemical  facts,  that  we  may  reckon 
the  difeovery,  which  I here  announce,  as  one  of 
the  moft  ufeful  truths  which  the  fcience  pof- 
feffes.  We  owe  the  firft  idea  of  it  to  Seheele, 
and,  as  will  he  feen  below,  the  exaCt  knowledge 
or  its  true  acquifition  to  Citizen  Berthollet. 

18.  It  is  almoft  fuperfluous  to  remark,  that 
the  properties,  which  I have  juft  explained  in 
hidrogen  gas,  and  in  hidrogen,  though  ftill 
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only  fuperficial  or  preliminary,  fuch  as  the  ft  riot 
order  adopted  in  this  work  not  to  treat  of  the 
mutual  aétion  of  bodies  but  in  proportion  as 
they  are  ftudied,  has  perm i ted  me  to  develop 
them,  are  among  the  inoft  valuable  acquifttions 
of  the  pneumatic  dodlrine,  and  that  they  pre- 
fent  the  moft  numerous,  as  well  as  the  moft  ufe- 
ful  applications  to  every  branch  of  natural  phi- 
lofophy,  which  will  be  proved  in  the  articles 
which  immediately  follow. 

1ft.  Neither  can  the  ufes,  or  ufeful  properties 
of  hidrogcn  gas  be  treated  here  ; bccaufe  it  is 
impoflible  to  employ  this  body  pure,  and  fuch  as 
it  has  been  confidered  in  this  article.  Accord- 
ingly the  inflammable  gafes  which  are  of  ufe 
for  affording  light,  heat,  &c.  to  illuminate  bo- 
dies, or  fyftems  of  bodies,  are  not  really  fuch  as 
they  are  treated  of  here,  and  there  will  be  many 
other  opportunities  of  fpeaking  of  thefe  par- 
ticular gales,  in  different  fedtions  of  this  work. 


Article  VIII. 

Concerning  Carbon. 

1.  THE  name  of  carbon  has  been  given,  by 
the  French  ehemifts,  to  a fimple  or  undecom- 
pofed  matter,  abundantly  contained  in  the  dif- 
ferent known  fpecies  of  coal,  but  which  it  is 
very  elfential  fhould  not  be  confounded  with 
charcoal,  properly  fo  called.  This  laft  tub- 
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fiance  is  mo  ft  frequently  a black  matter  which, 
remains  after  the  partial  clecompofitions  of  ve- 
getable or  animal  fub fiances,  effected  by  nature 
or  by  art.  This  matter,  befides  the  carbon 
which  it  conceals  in  its  compofftion,  is  loaded 
with  many  other  fubftances  which  are  foreign 
to  carbon,  which  laft  cannot  really  be  feparated 
but  by  complete  combuftion. 

2.  It  is,  therefore,  neceffary,  in  order  to  form 
a proper  notion  of  the  nature  of  carbon,  to 
adopt  ideas  fimilar  to  thofe  which  were  detailed 
in  the  preceding  articles  concerning  oxigen, 
azote,  and  hidrogen.  Pure  carbon  does  not  exifi 
in  the  nature,  ftate,  or  in  the  products  of  the 
arts,  any  more  than  thefe  three  laft  bodies  ; or 
at  leaf;,  if  carbon  exifts  pure,  or  infulated,  in  any 
part  of  the  globe,  chemifts  have  not  yet  difco- 
vered  it.  But,  notwithftanding  this  great  point 
of  refemblanee,  carbon  differs,  even  under  this 
point  of  view,  from  oxigen,  from  azote,  and 
from  hidrogen  ; namely,  in  this  circumftance, 
that  it  is  never  found  united  to  caloric  under 
the  gafeous  form,  and  alfo  that,  even  in  the 
ftate  of  charcoal,  it  may,  at  leaft,  in  fome  fpe- 
cies  of  the  charcoals,  be  regarded  as  nearer  to 
its  ftate  of  purity,  and  more  proper  to  exhibit 
the  properties  which  chara&erife  it,  than  thefe 
three  bodies  in  any  of  their  combinations. 

3.  Carbon  has  alfo  another  effential  difference 
from  the  three  former  bodies  to  which  I have 
compared  it  ; namely,  that  it  is  no  where  feen 
collected  in  fuch  great  maffes,  though  it  is  very 
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abundant  among  natural  combinations.  It  is, 
undoubtedly,  one  of  the  principles  of  which 
nature  difpofes  with  moft  profufion  m the  for- 
mation of  compounds  ; but  it  is  only  diffemi- 
sated  in  a great  number  of  points,  and  never 
combined  in  a mafs  like  oxigen  and  azote  gas. 
It  appears,  however,  that  though  far  from  a 
ftate  of  purity,  it  exifts,  at  leaft,  under  the  foflil 
form  in  depofitions,  or  beds,  and  veins  in  the 
interior  of  the  globe. 

4.  Carbon  is  procured,  not  pure  and  feparat- 
ed  from  every  other  body,  but  more  or  lefs  ap- 
proaching to  purity,  by  decomposing  moft  vege- 
table matters,  by  heat,  especially  the  ligneous 
bodies  which  contain  a great  quantity  of  it. 
It  is  obtained  nearly  difengaged,  or,  at  leaft,  in 
the  ftate  of  charcoal.  The  carbon  is  united  with 
fome  foreign  bodies,  and  a little  oxigen,  and  hi- 
drogen,  by  volatilizing  all  the  evaporable  fub- 
ftances  which  are  united  with  it  in  wood,  which 
procefs  conftitutes  the  art  of  the  charcoal  burn- 
er. The  water,  in  which  trees  are  fullered  to 
remain,  produces  the  fame  effect,  but  more 
flowly  upon  the  ligneous  vegetable  body.  It 
gradually  diflolves  the  different  foluble  mate- 
rials of  that  body,  and  leaves  its  charcoal  free. 

5.  Carbon  infulated  by  mental  abff  radii  on 
from  the  foreign  fubftances  with  which  it  is 
united  in  charcoals,  appears  to  ex  iff  under  the 
form  of  folid  particles,  of  a black  fo  determinate, 
as  would  lead  us  to  think  that  it  is  effentially  of 
that  colour,  and  that  it  communicates  it  to  a 
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number  of  other  bodies.  It  is  the  excefs  of  car- 
bon, as  will  be  feen  hereafter,  which  produces 
the  greater  part  of  vegetable  colours,  and  which 


alfo  renders  them  durable  and  intenfe.  It  ap- 
pears alfo,  that  it  gives  the  fame  ihade  in  feme 
mineral  compounds  of  which  it  forms  an  effen- 
tial  part,  as  will  be  feen  in  another  fedtion 
where  I treat  of  various  ferruginous  compounds. 

But  there  are,  nevcrthelefs,  reafons  to  think 
that  this  black  colour  of  charcoals  is  not  a true 
charadter  of  carbon,  and  that  it  accompanies  its 
union  with  a fmall  portion  of  oxigen  and  hidro- 
gen  from  which,  in  its  hate  of  charcoal,  it  is 
never  exempt 


It  will  alfo  he  feen,  hereafter,  that  in  many 
compounds,  carbon,  though  very  abundant, 
leaves  them  frequently  a very  brilliant  white 
colour,  like  that  of  cotton,  & c.  Laftly,  the  dia- 
mond which,  under  certain  relations,  as  will 
loon  be  feen,  approaches  Angularly  to  pure  car- 
bon, is  fo  much  the  more  white  and  tranfparent, 
as  it  is  lefs  altered  by  foreign  fubftan ces. 

6*.  Neither  tafte  nor  fmell  arc  diftinguifhable 
in  carbon.  Its  particles,  however  denfe  their 
aggregation  may  be,  never  pofiefs  an  adherence 
fufliciently  ftrong  to  prevent  their  being  very 
brittle  ; this  britt lends  is  alio  greater  in  char- 
coals as  the  carbon  is  more  contaminated  with 
other  bodies.  It  is  probable  that  the  particles 
of  carbon  always  remain  at  a very  great  dis- 
tance from  each  other.  They  do  not  pofiefs  the 
property  of  difpofmg  themfelves  regularly,  and 
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never  permit  it  to  allume  a cryftalline  form 
among  charcoals.  It  is  probably  capable  of 
this  arrangement  when  it  is  very  pure,  as  1 have 
remarked  in  the  hiftorv  of  the  diamond. 

v 

7.  Carbon  ftrongly  abforbs  light,  as  the  black 
colour  of  charcoal  proves.  It  is  very  fixed  in 
heat,  perfectly  infufible  and  infoluble  by  caloric, 
and  it  palles  with  juftice  for  the  moll  refractory 
body  in  nature.  Thus  it  is  frequently  employ- 
ed as  a crucible  for  containing  matters  difficult 
of  fufion,  or,  as  a fupport,  when  many  bodies 
are  treated  by  the  blow-pipe.  As  carbon  is  a 
bad  conductor  of  heat,  it  is  ufed  withfuccefs  to 
line  crucibles,  to  coat  furnaces,  and  confine  the 
heat  ; the  infufible  property  in  tins  body  ac- 
companies the  property  of  not  conducting  calo- 
ric. In  many  of  the  arts  this  property  becomes 
of  the  greatefl  utility. 

8.  Though  in  the  cold  and  at  a low  tempera- 
ture, there  does  not  appear  to  exift  any  great 
attraction  between  oxigen  and  carbon,  and  con- 
fequently  the  charcoal  remains  unalterable  in 
oxigen  gas,  which  it  only  abforbs,  and  retains 
fome  time  between  its  particles  as  it  does  every 
gafeous  body  ; there  are,  however,  a great  num- 
ber of  cafes  where  charcoal,  very  much  divided, 
has  the  property  of  combining  with  this  gas  and 
of  becoming  gradually  dilfolvcd.  This  is  the  flow 
combuftion  of  the  carbon  ; this  is  what  takes 
place  without  producing  light,  and  without  any 
fenfible  heat,  by  the  contact  of  organic  matters, 

♦ and  of  oxigen  gas  or  common  air.  It  is  alfo 

feen 
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feen  among  the  mo  ft  remarkable  phenomena  of 
refpiration, 

9.  When  the  temperature  of  charcoal  is  raifecl 
to  ignition,  and  it  is  then  placed  in  contact 
with  oxigen  gas,  the  carbon  burns  with  activity , 
fparkling,  and  afiightly-brilliant,  but  very  fen- 
fible  flame.  It  quickly  difappears,  becomes 
fufed  in  the  oxigen  gas,  and  confequently  af- 
iumes  the  fluid  elaftic  form.  It  is  found,  that 
twenty-eight  parts  of  carbon  may  thus  difap- 
pear,  or  be  fufed  in  feventy-two  parts  of  oxigen 
gas,  and  that  there  refults  from  this  cornbuf- 
tion  and  aeriform  folution  of  carbon  which  is 
its  produét,  a new  gas  rather  lefs  voluminous 
than  the  oxigen  gas  which  gave  its  form,  of  a 
fpecific  weight  aim  oft  double,  and  which,  as 
carbonic  acid,  will  be  treated  of  in  the  third 
fedfion. 

10.  This  combuftion,  one  of  the  moil  beau- 
tiful refults  of  modern  chemiftry,  and  of  the  re- 
fearches  of  Lavoifier,  difengages  from  oxigen 
gas  ftill  much  lefs  caloric  than  hidrogen  gas 
does,  which  is  proved  not  only  by  the  gafeous 
form  which  carbon  acquires,  and  which  the  ox- 
igen p refer ves  in  that  combination,  but  alfo  by 
the  meafure  taken  by  the  calorimeter.  Lavoi- 
fier ami  La  Place  have  found  that  in  the  com» 
buftion  of  carbon  by  oxigen  gas,  a little  more 
than  two  parts  and  a half  (2  pounds,  9 ounces, 
1 gros,  10  grains,  French)  of  the  latter,  which 
are  neeelfary  to  burn  and  diflolve  one  part 
(one  pound)  of  carbon,  only  loft  a quantity  of 

caloric 


£<50  SIMPLE  BODIES  Î- — CARBON. 

caloric  reprefented  by  ninety-fix  parts  and  a 
half  (96  pounds,  8 ounces)  of  fufed  ice,  whilft* 
to  become  folid,  the  fame  quantity  of  oxigen 
gas  mu  ft  have  loft  a quantity  reprefented  by 
more  than  one  hundred  and  feventy-one  parts 
(171  pounds,  bounces,  5 gros)  of  fufed  ice; 
thus  there  remained  a proportion  of  caloric  re- 
prefented by  nearly  feventy-five  parts  (74 
pounds,  14  ounces,  5 gros)  of  ice,  which  proves 
that  one  part  (one  pound)  of  acid  gas  which  is 
its  product,  retains  a quantity  of  caloric  which 
can  fufe  nearly  twenty-one  parts  (20  pounds, 
15  ounces,  5 gros)  of  ice.  Thus  the  combuf- 
tion  of  carbon  is  one  of  thofe  which  gives 
lead  heat  and  light,  becaufe  its  product  retains 
a portion  of  thofe  bodies  which  is  neceffary  for 
it  to  allume  the  eiaûic  form  completely. 

11.  What  happens  when  charcoal  is  burned 
in  a given  quantity  of  common  air,  or  when 
that  air  is  not  renewed,  may  be  now  underftood. 
The  ignited  carbon  is  combined  gradually  with 
the  0,27  of  atmofpheric  oxigen  gas,  and  be- 
comes diliblved  in  fuch  a manner  as  to  lofe  its 
vifible  mafs,  and  only  to  leave  a few  atoms  of 
its  allies  ; the  air  mult  diminilh  but  very  little 
of  its  volume,  though  the  carbon,  by  diflolving 
in  oxigenous  gas,  approximates-  and  condenfes 
its  particles  ; inftead  of  this  gas,  the  air  is  found 
to  be  fpeedily  charged  with  a gafeous  acid 
mixed  with  azotic  gas,  which  amounts  to  0,  73. 
Thus  the  air,  vitiated  and  really  deftroyed,  as  to 
its  vital  and  refpirable  parts,  by  this  combuftion, 

produces 
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produces  very  fatal  accidents.  It  will  be  alfo 
feen  that  other  circumftances,  relative  to  char- 
coal, alfo  augment  its  danger. 

1 % There  is  no  known  action  between  carbon 
and  azotic  gas.  This  laft  does  not  appear* to 
have  any  fenfible  attradlion  for  charcoal.  It 
will  be  feen  that  it  combines  with  it  eafdy  and 
abundantly,  when  a third  principle,  hidrogen, 
adds  its  attraction  to  that  of  the  other.  The 
compounds  of  azote,  of  hidrogen  and  carbon, 
which  often  contain  more  or  lefs  of  oxigen,  are 
very  frequent  among  vegetable  and  animal  mat- 
ters ; the  pruffic  acid,  an  important  product 
which  will  be  examined  elfewhere,  is  one  of  its 
compounds. 

13.  There  exits  fo  marked  an  attraction  be- 
tween carbon  and  hidrogen,  that  this  compound 
named  carbonated  hidrogen,  or  hidrogenated 
carbon,  accordingly  as  the  proportion  is  greater 
in  either,  is  frequently  met  with  among  ve- 
getable compounds.  But,  befides  this  attraction 
of  the  radicals,  hidrogen  gas  may  eafdy  Hold  in 
folution  a greater  or  lefs  quantity  of  carbon, 
which  happens  whenever  it  is  difengaged  from 
a fubltance  which  itfelf  contains  carbon  more 
or  lefs  abundant  and  divided.  This  folution. 
which  is  obtained  very  varied,  and  in  a number 
of  chemical  operations,  from  the  fimple  ex- 
pofure  of  charcoal,  in  a bell  full  of  hidrogenous 
gas  to  the  rays  of  the  fun,  (in  which  expofure 
the  charcoal  is  feen  to  diffipate,  and  the  hidroge- 
nous  gas  to  diminifh  in  volume,  in  proportion  as 
Vol.  I.  R it 
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it  is  diffoived,)  to  the  rapid  decompofitions  by 
heat,  or  the  flow  and  fpontaneous  change  which 
vegetable  and  animal  fubftances  undergo  at 
the  bottom  of  waters.  In  all  thefe  circum- 
ftances,  carbonated  hidrogen  gas  is  obtained. 
Charcoal  itfelf,  when  humid,  or  when  it  has 
been  for  fome  time  immerfed  in  hidrogen  gas, 
begins,  when  lighted,  to  exhale  through  the  at- 
mofphere  this  deleterious  gas,  which  alfo  aug- 
ments the  danger  of  its  combuflion  in  clofe 
places. 

14.  Carbonated  hidrogen  gas,  formed  fo  eafi- 
ly  in  all  the  conditions  here  explained,  varies, 
as  has  already  been  faid,  according  to  the  pro- 
portions of  carbon  which  it  contains,  and 
allumes  properties  varied,  alfo  according  to  thefe 
proportions,  in  inch  a manner  that  it  has  been 
regarded  and  defer! bed  as  if  it  formed  fo  many 
different  inflammable  gafes.  That  which  is 
difengaged  from  flagnant  waters  and  the  bogs, 
from  peat,  from  peat-grounds,  privies,  and  finks; 
that  which  is  obtained  from  the  folution  of 
fome  carbonated  metals  during  their  oxidation 
in  the  weak  acids;  that  which  frequently  exhales 
from  coal  pits,  from  the  mouths  of  volcanos  ; 
t.hofe  gafes  which  are  derived  from  vegetable  and 
animal  matters  di hilled  at  different  tempera- 
tures, from  alcohol, from  ether,  from  oils,  treated 
by  different  re-agents,  particularly  by  the  con- 
centrated acids  all  thefe  different  inflamma- 
ble gafes,  which  will  be  treated  of  in  many  of 
the  other  articles  of  this  work,  are  carbonated 
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hidrogenous  gas,  forming  as  many  varieties  as 
there  are  different  proportions  of  their  princi- 
ples; and  fometimes  alfo  other  combuflible  mat- 
ters are  added  to  the  carbon,  diffolved  in  hidro- 
gen  gas,  which  always  forms  its  bafe  or  radical, 
15.  However  numerous  the  varieties  of  car- 
bonated hidrogen  gas  may  then  appear,  as  well 
as  the  properties  which  it  prefents,  there  may 
however,  be  difcovered  in  the  whole  of  thefe 
varieties,  a feries  of  characters  which  conned! 
them,  and  which  conftitute  them  a diftinct  ge- 
nus of  compounds.  It  is  very  evident,  that 
we  mu  ft  here  attend  only  to  the  generic  charac- 
ters. Carbonated  hidrogen  gas  is  heavier  than 
pure  hidrogen  gas  ; and  can  but  feldom  be  ufed 
for  inflating  aeroftatic  machines  ; it  has  a fetid 
odour  which  is  fo  much  the  ftronger,  as  it  holds 
more  of  carbon  in  folution  ; it  extinguishes  in- 
flamed combuftible  bodies,  and  more  completely 
ftupifies  animals  than  pure  hidrogen  gas;  it,  in 
general,  burns  with  lefs  rapidity  than  this  laft  : 
its  flame  is  often  blue  and  pale  ; fometimes  it  is 
red  or  white,  very  brilliant,  and,  as  it  were,  oily. 
It  frequently  depofits  carbon,  diflinguifhable  b}^ 
its  black  colour,  when  treated  by  different  pro- 
ceffes  ; it  is,  in  general,  more  eafily  and  more 
abundantly  condenfed,  or  abforbed,  by  char- 
coal. In  fome  circumftances,  it  forms  oil,  and 
it  lias  then  been  particularly  named  olefiant  gas. 
It  will  be  again  fpoken  of  in  the  fedtions  con- 
cerning vegetable  and  animal  matters,  which  in 
their  decompofition,  afford  the  moft  numerous 

R 2 and 
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and  moft  remarkable  varieties.  An  accurate 
analyfts  has  been  made  of  it  by  combuftion  in 
the  eudiometric  apparatus  of  Volta  : it  always 
affords,  by  burning,  more  or  lefs  of  the  acid 
formed  by  carbon  and  oxigen. 

lb.  I have  nowdefcribed  the  general  proper- 
ties of  carbonated  hidrogen  gas.  Hidrogenat- 
ed  carbon  exifts  folk!  in  ahnoft  all  the  charcoals 
which  retain  more  or  lefs  of  hidrogen,  frequent- 
ly united  with  a little  oxigen.  It  is,  for  this 
teafon,  that  all  the  charcoals,  burned  in  the  pneu-» 
in  atico- chemical  apparatus,  give  out  carbonated 
hidrogen  gas  and  carbonic  acid.  It  is  alfo,  for 
this  reafon,  that,  when  burned  in  determinate 
quantities  of  oxigen  gas,  the  charcoals  afford 
water  at  the  fame  time  with  carbonic  acid. 
The  prefence  of  hidrogen  in  charcoals  explains 
alfo  the  infectious  odour,  and  the  pernicious  gas 
which  arife  from  them  in  their  firft  moments  of 
combuftion,  and  when  they  begin  to  take  fire. 
Thus,  at  prefen t,  the  vegetable  and  animal 
charcoals  are  conftdered  as  oxides  of  hidroge- 
nated  carbon.  This  consideration,  which  will 
be  reprefented  hereafter,  leads  us,  as  I fhall  fhow 
elfewhere,  to  refults  of  the  greateft  importance 
for  the  explanation  of  a very  great  number  of 
the  phenomena  of  nature  and  the  arts. 

1 7.  The  ufes  of  carbon  are  verv  numerous  in 
chemiftry  ; its  powerful  attraction  for  oxigen 
is  employed  with  great  fuccefs.  After  hidro* 
gen,  this  fubftanee  attracts  it  moft  ftrong- 
ly;  and,  at  high  temperatures,  it  is  the  moft 

ftrongly 
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Strongly  attracted  by  oxigen  : it  is,  for  this  rea- 
fon,  that  I have  placed  it  immediately  after  hi- 
drogen,  in  the  arrangement  of  all  the  combufti- 
ble  bodies  according  to  their  elective  attraélion 
for  that  principle.  It  will  be  feen  in  the  follow- 
ing articles,  that  carbon  is  particularly  ufed,  to 
difoxigenate  many  burned  bodies,  to  reduce 
them  to  their  limpleftate  of  combuftibility,  and 
to  develop  many  of  thefe  laft.  It  is  no  longer 
doubtful,  even  according  to  the  few  facts  which 
I have  been  urged  to  »epeat  in  this  article,  by 
the  order  generally  adopted  in  the  prefent  work,, 
that  carbon  is  a principle  ufed  by  Nature,  form- 
ing the  greateft  number  of  her  compounds  : it 
will  be  proved  hereafter  that  it  conftitutes  the 
bafe  of  all  vegetable  fubftances,  and  that  it  per- 
forms a very  important  part  in  the  great  work 
of  annualization. 


Article  IX. 

Concerning  Phofphorus . 

I.  Phofphorus  is  the  fourth  fimple  or  unde« 
eompofed  comfauftifale  fu  bilan  ce,  placed  in  this 
feélion  ; becaufe  azote  mull  be  arranged  among 
thefe  bodies  on  account  of  its  attraélion  and 
combination  with  oxigen.  Phofphorus  holds 
the  third  place  among  thefe  matters  (azote  hav- 
ing been  placed  in  the  fir  ft  place  only,  on  ac- 
count of  its  great  abundance  in  nature,  and  its 

exiflence 
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exiftence  in  the  air),  becaufe  it  occupies,  in 
effect,  this  rank  in  the  order  of  its  attraétion  for 

ox  i gen. 

2.  The  word  phofphoms,  which  implies  the 
bearer  of  light , has  been  given  to  this  combuf- 
tible  body,  becaufe  it  is  conftantly  luminous  in 
the  air,  and  becaufe  it  is,  of  all  the  fponta- 
neoufly-luminous  bodies,  that  which  emits  the 
greateft  fplendor  for  the  longed:  term  ; proper- 
ties which  depend  on  its  peculiar  and  combufti- 
hle  nature  ; whereas  rnoft  other  luminous  fub-* 
fiances  only  polfefs  phofphorefcence  as  if  by  ac- 
cident, and  the  greater  part  of  them  exhale  as 
it  were,  the  light  with  which  they  have  been 
penetrated.  The  word  phofphorefcence,  ex- 
preffing  a general  property,  ought  then  to  be 
carefully  diftinguifhed  from  that  of  phofphorus 
which  dedgnates  and  reprefents  a particular  fuh- 
fiance. 

S.  Phofphorus  is  yet  a new  acquidtion  among 
men  ; it  has  for  a long  time  been  unknown  to 
them,  and,  as  it  were,  concealed  from  their  eyes 
by  Nature;  or  if  the  ancients  poffeffed  it,  and 
knew  how  to  extract  it  from  its  natural  combina- 
tions, neither  hidory,  nor  tradition,  have  pre- 
ferved  any  trace  of  that  difcovery.  It  was  to- 
wards the  end  of  the  feventeenth  century  only 
that  this  body  was  difcovered  ; and  more  than 
dxty  years  of  labour  have  fcarcely  afforded  che- 
mifts  the  knowledge  of  conftantly  obtaining  it 
in  fufficient  quantity  to  make  their  experi- 
ments. And  ftill,  notwithftanding  all  the  im- 
provements 


simple  bodies: — phosphorus,  257 

provements  which  the  art  of  extracting  phot- 
j>horus  has  acquired  during  the  fifty  laft  years 
of  the  eighteeth  century,  we  are  far  from  pof- 
felling  this  combuftible  body  in  a quantity  as 
confiderable  as  all  the  others,  and  of  being  able 
confequently  to  employ  it  like  them  in  the  re- 
fearches  of  chemiftry. 

4.  An  alchemift  of  Hamburgh,  named  Brandt, 
who,  in  fearching  for  the  philofophehs  flone 
which  he  did  not  find,  wras  the  fir  ft  who,  by 
chance,  in  1677,  cLifcovered  this  phofphorus  for 
which  he  did  not  feek.  The  Angularity  of  this 
new  produCt  induced  Kunckel  to  alfociate  with 
one  of  his  friends,  named  Kraft,  topurchafe  the 
fecret  of  its  preparation  : but  this  fall  having 
deceived  his  friend  by  procuring  the  fecret  for 
himfelf,  of  which  Kunckel  knew  nothing  more 
•than  that  the  phofphorus  was  prepared  from 
urine,  this  philofopher  had  the  courage  to  un- 
dertake the  work  of  difcovery.  He,  at  laft, 
fucceeded  in  obtaining  phofphorus,  which  was 
long  called  the  phofphorus  of  Kunckel,  on  ac- 
count of  the  fuccefs  of  his  enlightened  re- 
fearches.  Boyle  palfes  alfo  for  having  difco- 
vered  phofphorus,  and  having  depolited  the 
procefs  with  the  fecretaty  of  the  Royal  Society 
of  London  in  1680.  In  1679)  Kraft  brought  a 
fmall  piece  of  it  to  London  to  fliow  it  the  king 
and  queen  of  England.  Boyle  gave  his  procefs 
to  Godfried  Hankwitz,  a practical  chemift  of 
London,  who,  for  many  years,  fold  the  produCfc 
to  all  the  philofophers  of  Europe.  This  laft 

operator, 
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operator,  and  Kunckel,  were,  for  fome  time,  the 
only  chemifts  who  knew  how  to  prepare  it. 
Boyle,  however,  defcribed  his  procefs  in  the 
philofophical  tranfa&ions  for  1680  ; and  Kraft 
inferted  his  own,  after  having  feveral  times  fold 
it,  in  a Treat ife  on  Phofphorus,  by  the  Abtfe 
de  Communes,  publifhed  in  the  Mercury  of  June 
1683.  That  of  Brandt  was  communicated  in 
Hooke’s  Philofophical  Collections,  publifhed  in 
Engliih  in  1726  by  Derham,  Homberg  pub- 
lifhed a procefs,  which  he  faid  he  had  feen  prac- 
tifed  by  Kunckel,  in  the  Memoirs  of  the  Aca- 
demy of  Sciences  for  1 6ft£.  Techmeyer,  Hoff- 
man, Niewentyt,  and  feveral  other  chemifts, 
fucceffively  defcribed  proceffes  for  obtaining 
phofphorus  ; notwithstanding  which,  this  ope- 
ration was  not  praCtifed  in  the  laboratories  of 
chemifts,  till  a foreigner  having  fold  to  the 
French  government,  in  1737,  a procefs  for  ob- 
taining it,  and  the  Academy  of  Sciences  of  Pa- 
ris having  caufed  it  to  be  repeated  by  Dufay, 
Geoffroy,  Duhamel,  and  Hellot,  this  laft  phi- 
lofopher  defcribed  the  fuccefsful  experiment 
with  much  care  and  perfpicuity  of  expreffion. 
Rouelle,  the  elder,  made  phofphorus  in  the? 
courfe  of  chemiftry,  which  he  delivered  at  Pa- 
ris for  feveral  years  after  this  period  of  17 37. 
Margraf,  in  1743,  made  a remarkable  improve- 
ment in  the  procefs,  by  prefcribing  the  addi- 
tion of  muriate  of  lead  to  the  extract  of  urine 
and  charcoal.  Thirty  Proceeding  }Tears  paffed 
before  any  remarkable  advancement  was  made 
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In  the  extraction  of  phofpliorus.  It  was  made 
but  feldom,  with  difficulty  and  in  fmall  quanti- 
ties in  the  laboratories,  and  it  was  ftill  them  ere 
objedt  of  curioiity  and  the  fubjedt  of  a few  philo- 
fophical  experiments.  A fmall  ftick  or  two  of 
phofpliorus  ufually  compofed  the  whole  portion 
in  cabinets,  when  in  1774-,  Gahn  and  Scheele 
in  Sweden  made  a capital  difcovery,  which 
greatly  augmented  the  quantity  of  phofpliorus 
produced  in  the  laboratories,  by  fhowing  that 
the  acid  from  which  it  was  extradted  is  abun- 
dantly contained  in  the  bones  of  animals, 
and  by  giving  eafy  proceffes  for  the  feparation 
of  thefe  folid  animal  parts.  The  procefs  of 
Scheele  has  been  very  much  improved  in  France 
by  Nicolas  and  by  Pelletier  : but,  notwith- 
ft  andin  g all  thefe  refearches,  it  is  ftill  the  fcarceft, 
the  molt  expenfive,  and  confequently  the  lead 
employed  of  fimple  combuftible  bodies. 

5.  Phofphorus  undoubtedly  exifts  in  much 
greater  abundance  in  nature  than  has  been  hi- 
therto thought  ; in  proportion  as  mineral  che- 
miftry  has  advanced,  it  has  been  found  in  many 
more  compounds  than  has  been  imagined.  It 
exifts  in  combination  with  different  matters, 
but  never  pure  and  infulated.  Though  it  has 
hitherto  been  found  moft  frequently  burned  in 
the  compounds  of  which  it  forms  one  of  the 
principles,  it  is  very  probable  that  it  is  alfo 
çombined,  in  the  combuftible  ftate,  in  many 
fulfils,  and  efpeciaily  in  the  ores.  It  is  alfo  ex- 
traaed,  but  in  very  fmall  quantity,  from  a great 

number 
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number  of  vegetable  fub (lances  ; and  it  is  for 
abundantly  contained  in  many  animal  matters, 
that  it  was  long  thought  to  be  peculiar  to  this 
genus  of  bodies.  It  is  always  from  one  or  the 
other  of  thefe  natural  compounds,  where  it  ex* 
ills  in  the  burned  date  that  it  is  feparated  by 
difoxigenation.  by  ignited  charcoal,  as  will  be 
more  fully  defcribed  hereafter.  It  is  particu- 
larly from  urine,  and  from  the  bones  of  animals 
that  it  is  commonly  extracted.  It  may,  as  will 
be  explained  in  another  fedtion  of  this  work,  be 
obtained  much  more  eafily,  and  with  lefs  ex- 
pence, from  fome  ores  of  lead. 

6.  Phofphorus,  which  from  what  has  been 
faid,  may  be  always  confidered  as  a produdt  of 
art,  or  rather  as  extradted  by  art,  fin  ce  nature 
no  where  prefents  it  pure  and  infulated,  is  ufually 
a folid  body,  femi-tranfparent,  {lightly  brilliant, 
of  a confiftence  refembling  wTax,  foftening  at  a 
temperature  of  a few  degrees  above  0,  dudtile 
at  £5  degrees  of  the  thermometer,  brittle  if 
{truck,  or  attempted  to  be  bent,  particularly 
if  colder  than  0 ; eafily  cut,  or  fcraped,  prefent- 
ing  a vitreous,  brilliant,  and  fometimes  flightly- 
lamellated  fracture. 

7.  I have  found  the  fpecific  gravity  of  phof- 
phorus equal  to  £,0332,  water  being  1,0000. 
Itstafte  is  {lightly  acrid  and  difagreeable  ; it  emits 
a very  feniible  and  diflinguifhable  fmell  of  gar- 
lic ; and  cryftallizes  either  in  needles,  or  in  mica- 
ceous plates,  or  in  oblong  odtahedra  which  pre- 
fent  a great  number  of  varieties. 

8.  Phofphorus 


8.  Phofphoms  undergoes  a flight  alteration 
from  light;  by  refracting  it  in  a ratio  greater 
than  according  to  its  denfity,  and  which  appears 
to  follow  its  combuftibility,  it  becomes  red-co- 
loured, and  ductile  if  it  was  brittle  before. 
It  is  much  difpofed  to  change  its  ftate  by  ca- 
loric. At  25  degrees  of  temperature,  it  is  very 
foft  and  duCtile;  at  32  of  the  thermometer  of 
Reaumur,  it  melts,  and  flows  like  a transparent 
colourlefs  oil  : the  fame  effect  almoft  takes 
place  when  it  is  expofed  during  fome  time  to 
the  contact  of  the  human  fkin,  heeaufe  at  lefs 
than  32  degrees  of  heat,  it  becomes  nearly  li- 
quid. If  it  be  left  to  cool  {lowly  after  having 
been  fufed,  it  allumes  a cryftalline  form.  When 
its  furface,  lias  become  folid,  if  it  be  broken  while 
1'till  fluid,  and  the  portion  within  be  buffered  to 
flow  out,  the  interior  furface  is  found  lined  with 
prifmatic  needles,  or  oblong  oCtahedral  cryftals. 
At  76  degrees,  it  is  converted  into  vapour;  at  86, 
it  begins  to  colleCt  in  drops  in  the  neck  of  the 
retort  in  which  it  is  heated  with  water.  When  it 
it  is  heated  without  water  in  a retort,  by  plung- 
ing a thermometer  graduated  to  the  ebullition 
of  mercury,  according  to  the  divifions  of  Reau- 
mur, into  it,  it  is  feen  to  boil  at  232  degrees  of 
that  graduation,  at  which  time  the  drops  fuc- 
ceed  without  interruption  by  the  beak  of  the 
retort.  It  was  by  diftillation  that  it  was  for- 
merly rectified  in  fmall  retorts  of  glafs,  to 
which  a receiver  was  adapted  half  filled  with 
water  ; at  prefent,  we  are  content  to  purify  it 
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by  fufion  in  tubes  plunged  in  warm  water  ; its 
fall  ne,  or  impure  parts  are  collected  at  the  fur» 
face.  It  is  alfo  paffed  through  a fkin  of  new 
chamois  leather,  plunged  beneath  warm  water  : 
its  impurities  are  detained  by  the  fkin,  and  the 
phofphorus  which  paifes  is  very  clean,  and  ah 
in o ft  tran  fp ar en t. 

9-  Phofphorus  immerfed  in  oxigen  gas  does 
not  undergo  any  alteration,  nor  emit  any  fmoke 
vifible  in  the  day,  nor  light  in  the  night,  if  that 
gas  be  very  pure  : confequently  it  is  not  burned 
in  the  cold  in  this  oxigen  gas.  But  if,  when  it 
is  fufed,  it  is  placed  in  contact  with  this  gas, 
it  inflames  at  the  inftant  of  contact,  and  ex- 
pands a light  fo  vivid  and  fo  ftrong,  that  the 
eye  cannot  endure  its  fplendor:  at  the  fame 
time  that  much  caloric  is  difengaged.  The  ox- 
igen gas  lofes  its  aerial  form  ; if  it  be  very  pure, 
and  without  mixture  of  any  other  gas,  it  d il  ap- 
pears entirely,  and  becomes  folid  in  the  phoh 
phorus.  This  combuftion  of  fufed  phofphorus 
in  oxigen  gas  is  the  molt  beautiful  fpeélacle  of 
light  which  chemical  experiments  prefent  ; the 
flame  is  almolt  as  brilliant  as  the  clifk  of  the  fun. 
and  the  eye  is  much  hurt  by  it. 

10.  Phofphorus  is  alfo  a body  which  difen- 
gages  moft  caloric  from  oxigen  gas  at  the  mo- 
ment of  inflammation.  Lavoifier  and  La  Place 
have  proved  by  their  calorimetric  experiments, 
that,  from  half  a kilogramme  (1  pound)  of  ox- 
igen  gas  employed  to  burn  phofphorus,  there 
was  difengaged  a quantity  of  caloric  capable  of  i 
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filling  more  than  thirty- three  kilogrammes  (6 G 
pounds,  10  ounces,  5 gros,  24  grains)  of  ice  at 
0 ; that  it  was  of  all  combuftible  bodies  that 
which  difengaged  molt  of  this  principle  ; that 
oxigen  united  to  phofphorus  after  that  combuf- 
tion  might  be  regarded  as  the  moftfolid  poflible, 
and  at  the  maximum  of  its  concrefcibility  ; that 
phofphorus  abforbs  once  and  a half  its  weight 
of  oxigen,  and  converts  it  into  white,  cryftal- 
line,  niviform  flakes  of  an  acid,  which  will  be 
examined  in  the  next  feéiion  under  the  name  of 
phofphoric  acid.  Phofphorus  thus  fufed  may 
be  burned  at  the  bottom  of  water,  by  bringing 
oxigen  gas  in  contact  with  it,  and  in  this  cafe 
the  acid  is  diffolved. 

11.  Atmofpheric  air  a<51$  very  differently 
from  oxigen  gas  on  phofphorus.  When  this 
combuftible  body,  at  the  lowed:  temperature, 
even  at  fome  degrees  beneath  the  0,  is  plung- 
ed into  common  air,  if  it  be  during  the  day, 
the  phofphorus  is  feen  to  be  involved  in  a, 
white  vapour,  or  fmoke  ; if  in  the  night,  this 
vapour  appears  in  the  form  of  a green i-fh- white 
light,  undulating,  and  prefenting  in  the  moft 
perfehl  obfcurity,  very  expansible  luminous  rays, 
rapidly  fpreading  in  fpace,  and  which  do  not  dif* 
appear  but  at  fome  diftance  from  the  phofphorus, 
whence  they  proceeded.  This  luminous  vapour, 
which  is  not  accompanied  with  any  fenfible  dif- 
engagement  of  caloric,  and  does  not  give  heat 
to  other  combuftible  bodies,  is  the  moft  ancient- 
ly known  phenomenon  of  phofphorus.  It  is 

this 
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this  which  has  given  it  the  name  which  it  bears  f 
it  is  this  alfo  which  has  formed,  for  a long  time, 
the  foie  object  of  the  experiments  on  the  phy* 
heal  properties  of  this  body,  and  which  alone 
has  concentred,  in  fome  meafure,  during  more 
than  fixty  years  the  whole  attention  of  philofo- 
phers.  When  phofphorus  is  thus  expofed  in  the 
midft  of  the  atmofphere,  it  continues  to  burn  and 
emit  light  while  the  fmalleft  particle  remains  ; 
becaufe  it  gradually  difappears  in  the  air,  or 
evaporates,  and  is  carried  away  by  the  atmo- 
fpheric  humidity.  If  this  experiment,  which 
is  termed  the  flow  cornbuftion  of  phofphorus, 
be  made  in  a clofe  apparatus  under  a bell-glafs 
where  the  air  is  (lowly  renewed  by  lateral  open* 
ings,  or  by  placing  phofphorus  on  a funnel 
fupported  by  a bottle,  the  acid  'which  is  formed, 
and  which  gradually  diffolves  in  the  atmofphe- 
ric  water  which  it  attracts,  is  collected  in  the 
bottle.  This  is  the  phofphoreous  acid,  different 
from  that  which  is  obtained  by  the  rapid  conn 
buftion  of  phofphorus  fufed  in  oxigenous  gas. 
It  will  be  examined  in  the  following  febtion. 

12.  Since,  in  the  preceding  experiment,  phof- 
phorus burns  by  means  of  theoxigen  gas  contain- 
ed in  the  common  air,  and  as  it  entirely  abforbs, 
the  oxigen,  it  is  evident,  that  it  may  be  advanta- 
geoufly  ufed  in  this  fpecies  of  cornbuftion  to  ana- 
ty1  e the  air,  and  to  conftitute  an  eudiometrie 
procefs.  For  this  purpofe  it  is  introduced  into  a 
tube,  corked  at  one  of  its  extremities,  and  fup- 
ported by  the  other,  which  is  open  on  the  board 

of 
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of  an  liidro-pneumatic  veffel,  an  accurate  and 
well-known  meafure  of  the  air  intended  to  be 
analyfed  ; a ftick  of  phofphorus,  fupported  on 
a glafs  rod  is  then  introduced  and  is  left  there 
till  no  more  of  the  white  vapour  is  feen  about 
it  during  the  day,  or  of  light  during  the  night. 
The  phofphorus  is  then  removed  or  drawn  down, 
and  the  quantity  of  oxigen  gas  which  has  dif- 
appeared,  is  meafured  by  the  diminution  thus 
obtained.  The  refidue  is,  in  fadl,  merely  azote 
gas.  M.  Humboldt,  however,  after ts,  that  there 
remains  0,02  to  0,05  of  oxigen  gas  united  with 
phofphorated  azotic  gas,  and  that  this  means  of 
indicating  the  proportion  of  atmofpheric  oxigen 
is  not  fufficientiy  exadl  for  eudiometry. 

13.  Since  phofphorus  burns  (lowly,  though 
conftantly,  expanding  its  light  in  the  atmo- 
fpheric air  at  every  temperature  which  exifts  in 
our  climate,  it  follows,  that  it  is  impoilible  to 
preferve  this  combuftible  body  in  ordinary  vef- 
lels  partly  fdled  with  air,  as  is  done  with  all 
other  bodies.  It  is  carefully  kept  under  water 
that  has  been  boiled,  not  with  (landing  which  it 
is  always  altered  at  its  furface  by  the  little  air 
which  that  water  abforbs  when  the  veffel  is  un- 
corked. In  the  courfe  of  time,  it  lofes  its  ferni- 
tranfparence,  becoming  at  firft  white,  opaque, 
and,  as  it  were,  farinaceous,  and  the  water  ah 
fumes  the  charadler  of  phofphoreous  acid.  The 
furface  of  phofphorus  thus  altered,  forms  what 
is  called  oxide  of  phofphorus:  it  is  the  com- 
znençemenh  of  a combination  with  oxigen, 

which 
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which  is  not  fufficiently  abundant  to  bring  if 
to  tbw  hate  of  acid. 

14.  If  the  temperature  of  phofphorus  ex- 
poled  to  the  atmofphere,  or  in  a quantity  of  com- 
mon air,  be  elevated  to  below  forty  degrees 
(centigrade),  or  even  a little  lower,  the  flow 
combuflion  quickly  gives  place  to  a rapid 
combuftion,  or  deflagration  accompanied  by 
fcintillation,  complete  fufion  and  boiling  of  the 
phofphorus,  by  a vivid  light,  and  an  ardent 
heat  ; and,  inftead  of  phofphoreous  acid,  phof- 
phoric  acid  is  obtained  as  in  oxigen  gas.  This 
rapid  combuftion  in  the  air  differs  from  that 
which  takes  place  in  oxigen  only,  by  the  lefs 
quantity  of  light  and  energy,  and  in  its  always 
leaving  a gafeous  refidue,  after  the  complete 
abforption  of  the  oxigen  of  atmofpheric  azotic 
gas  holding  phofphorus  in  folution,  Citizen 
Seguin  has,  therefore,  propofed  it  as  an  eudio- 
metric  procefs.  A tube  of  glafs  dilated  toward 
the  bottom  is  ufed  for  this  purpofe  ; it  is  filled 
with  mercury,  and  laid  on  the  fhelf  of  the  hi- 
drargyro-pneumatic  apparatus  ; a very  dry  par- 
ticle of  phofphorus  is  introduced  into  it,  which 
rifes  to  the  top.  Care  is  taken  that  it  fhall  be 
more  than  is  neceffary  for  the  volume  of  air 
which  is  intended  to  be  examined.  The  phof- 
phorus is  filled  by  moving  a piece  of  ignited 
charcoal  above  the  tube,  and  then  the  air  is  in- 
troduced in  a well-known  quantity,  the  com- 
bultion  of  phofphorus  quickly  takes  place;  a 
calculation  is  formed,  from  the  aeriform  refidue 

when 
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when  cold,  of  the  refpedfive  proportion  of  the 
oxigen  gas  and  azote  contained  in  the  air  thus 
e (fayed.  If,  as  M.  Humboldt  afferts,  there  con*" 
ftantly  remains  two  or  three  hundredths  of  oxi- 
gen gas  mixed  with  the  refidue  of  the  phofpho- 
rated  azotic  gas,  this  eudiometric  method  is  not 
entitled  to  all  the  confidence  which  has  been 
placed  in  it. 

15.  Phofphorus,  whenever  it  acquires  in  the 
air  a temperature  of  a few  degrees  fuperior  to 
that  of  the  human  body,  takes  fire  and  heats  all 
the  bodies  near  it  ; as  it  acquires,  in  this  rapid 
combuftion,  a very  ftrong  heat,  and  powerfully 
burns  the  rnoft  folid  organs,  and  a brifk  rubbing, 
or  even  very  gentle  fridtion,  if  continued  for 
forne  time,  may  bring  it  to  this  temperature,  it 
is  highly  neceffary  to  take  the  greateft  precau- 
tion in  experiments  with  this  body,  of  which 
many  chcmifts  have  already  been  the  victims. 
It  is  a fubftance  which  ought  carefully  to  be 
removed  from  all  economical  ufes,  and  ought 
to  be  trufted  only  to  prudent  and  attentive 
men.  It  always  endangers  thofe  who  fre- 
quently ufe  it,  with  the  probability  of  fetting 
fire  to  apartments,  or  fevere  perfonal  burning. 

lb.  It  appears  ftrange,  at  firfl  light,  that  a 
body  fo  combuftible  and  fo  inflammable  as  phof- 
phorus fhould  not  burn  in  oxigen  gas  except 
when  confiderably  heated  ; that  it  fhould  not 
enter  into  the  moft  rapid  combuftion,  nor  even 
prefent  the  flow  combuftion,  while  it  undergoes 
this  laft  even  in  temperatures  approaching  that 

Vol.  L S of 


N 


%6 8 SIMPLE  BODIES  î-^PHOSPHÔRtT^ 

of  ice  in  common  air.  The  caufe  of  this  phe-^ 
nomenon  fo  Angular  in  appearance,  may  be 
fhewn  by  examining  the  effects  of  azotic  gas  on 
phofphorus.  It  is  diffolved  with  facility,  in  the 
azotic  gas  in  vapours,  and  faturates  it  without 
burning  or  affording  light  ; and  when  this  phos- 
phorated azotic  gas  is  mixed  with  oxigen  gas, 
even  at  a low  temperature,  light  appears,  and  a 
flow  combuftion  takes  place.  This  is  the  rea~ 
fon,  why,  upon  adding  oxigen  gas  to  the  at- 
mofpheric  gas  of  the  analyfis  left  from  the  air 
by  phofphorus,  however  that  analyfis  may  have 
been  made,  the  mixture  of  thefc  two  gafes  burns 
with  a very  fenfible  light.  Phofphorus  cannot 
burn  {lowly,  and  pafs  to  the  ftate  of  phofphoreous 
acid  in  oxigen  gas,  until  after  having  been  dif- 
folved in  another  gas,  or  unïefs  the  oxigen  gas 
fs  mixed  with  forne  other  elaftic  fluid  which 
can  firft  diffolve  the  phofphorus.  Thus  in  the 
air  of  the  atmofphere,  in  which  this  combuftible 
body  is  plunged,  it  is  firft  diffolved  in  the  azote 
gas,  and  it  only  burns  by  abforbing  oxigen  in 
proportion  as  its  folution  is  effected  by  the  for- 
mer o’ as.. 

CD 

1 7.  Hidrogen  and  phofphorus  attract  each- 
other.  When  phofphorus  remains  in  hydroge- 
nous gas,  a fmall  portion  is  diffolved  which 
communicates  a peculiar  odour,  and  the  proper- 
ty of  emitting  light  when  it  is  afterwards  mix- 
ed with  oxigen  gas.  This  is  not,  however,  the 
ft rongeft  action  which  thefe  two  bodies  can  ex- 
ert qii  each  other,  nor  the  moft  intimate  com- 
bination 
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filiation  which  can  be  formed  between  them. 
À much  greater  proportion  of  phofphorus  may 
be  diffolved  in  hidrogen  gas  by  a more  com» 
plicated  method,  which  will  be  deferibed  in  one 
of  the  following  fections,  than  can  be  done  by 
the  fimple  contact  here  mentionedo  Phofpho- 
rated  hidrogenous  gas  is  then  obtained,  which 
was  difeovered  twelve  years  ago  by  Citizen 
Gengembre,  and  which  has  a fetid  fmell  of 
garlic,  and  a fpecific  gravity  much  more  con- 
fiderable  than  that  of  hidrogen  gas.  It  pofifeffes 
the  remarkable  and  charadteriftic  property  of  tak- 
ing  fire  by  the  mere  conta  dt  of  oxigen  gas,  or  of 
common  air,  and  of  burning  with  a very  bril- 
liant white  flame.  It  will  be  treated  more  fully 
in  the  fourth  fedtion. 

18.  No  direct  combination  is  yet  known  be- 
tween carbon  and  phofphorus,  though  it  is  pro- 
bable that  it  exifts.  It  is  only  known  that 
thefe  two  combuftible  bodies  are  frequently 
united  together,  and  with  hidrogen  and  azote 
in  vegetable  and  animal  fubftances. 

ID-  Phofphorus  is  ftill  confined  to  a very  few 
ufes.  It  is  feldom  ufed  in  medicine,  and  the  ac- 
curate experiments  yet  made  to  explain  its  pro- 
perties are  but  few  ; it  even  appears,  according 
to  fome  late  experiments,  that  it  is  a poifon  to 
animals.  It  Ihould  not,  therefore,  be  tried  on 
man  but  with  much  care  and  caution.  In  the 
arts,  it  is  ufeful  only  in  a few  procelfes,  and  for 
the  common  purpofes  of  life  it  is  dangerous* 
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Ill  natural  philolophy  it  is  little  more  than  an 
objeCt  of  curiofity. 

20.  It  is  to  chemiRry  that  it  has  already 
rendered,  and  ftill  may  render  the  greateft  fer- 
vices.  Its  elective  attractions  for  oxigen, 
and  for  feveral  other  bodies,  render  it  highly 
valuable.  It  is  certain,  that  its  properties  and 
combinations  have  fcarcely  yet  begun  to  be  ex- 
amined. Every  thing  announces,  that  when 
we  fhall  be  able  to  prepare  it  more  eafily  than 
has  hitherto  been  done,  when  it  lhall  be  ex- 
tracted in  greater  quantity,  and  with  lefs  lofs 
from  its  compounds  than  we  have  yet  been 
able  to  do  ; when,  in  a word,  it  fhall  be  obtain- 
ed in  more  confiderable  malTes,  it  will  become 
one  of  the  moil  valuable  inRruments  of  analyfis 
and  fynthefis.  The  accounts  to  be  given  in 
many  of  thè  following  feet  ions  of  its  action  on 
various  bodies,  will  fimply  prove  and  illuRrate 
this  important  truth, 


Article  X. 

\ 

Concerning  Sulphur. 

1.  SULPHUR,  a combuftible  body,  Ample 
and  undecompoled  like  the  preceding,  and  the 
fourth  in  the  order  of  elective  attraction  for  ox- 
igen,  is  the  moft  eafily  procured  in  a Rate  of 
purity,  becaufe  nature  prefects  it  frequently 
and  very  abundantly  in  that  Rate.  The  moft 

ancient, 
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ancient,  and,  perhaps,  the  firlt  known  of  all 
combuftibles,  it  lias  long  been  confidered  as  the 
general  caule,  or  indication  of  combuftibility  ; 
which  has  been  attributed  principally  to  the 
prefence  of  fulphur.  This  name  lias  even  been 
given  to  very  different  inflammable  fubliances: 
the  powder  of  Lycopodium  has  thus  been  named 
the  vegetable  fulphur . 

2.  Though  very  anciently  known,  fulphur 
has  alfo  been  Iona:  a fource  of  errors  and  of  hy- 

o 

pothefes  in  chemiflry.  It  has  been  thought  to 
be  a compound,  decompofable  and  recompofable 
of  many  parts.  It  was  on  this  fubftance,  that 
the  ingenious  Stahl  moft  particularly  eftablifhed 
the  theory  of  phlogifton,  which  has  governed 
the  lchools  during  a century.  Since  the  cfta- 
blilhment  of  the  pneumatic  doéïrine,  the  facts 
have  been  accurately  obferved  and  much  better 
examined,  and  the  phenomena  prefented  by  ful- 
phur have  proved,  that  it  has  not  been  decom- 
pofed  ; that  it  only  obeys  the  laws  of  compofi- 
tion,  and  is  adled  upon  in  this  refpect,  like  phof- 
phorus,  carbon,  the  metals,  &c.  In  general, 
fulphur,  even  confidered  as  a principal  fubjcdt  in 
chemiftry,  has  been  at  all  times  one  of  thofe 
which  have  participated  the  moft  in  the  dif- 
ferent changes  wliich  the  fcience  has  expe- 
rienced, and  concerning  which  philofophers 
have  been  more  particularly  employed.  Sul- 
phur is  confequently  a body  whole  combina- 
tions are  the  moft  numerous,  and,  at  prefen t,  the 
heft  underftood. 


3=  Sulphur 


3.  Sulphur  is  found  very  abundantly  in  na* 
ture,  it  is  one  of  the  primitive  materials  employ* 
ed  in  moil  of  her  combinations.  Though  it  is 
no  where  found  in  large  malles,  in  beds,  or  in 
veins  really  continued  within  the  globe,  yet,  on 
the  other  hand,  it  is  diffeminated  every  where. 
In  fome  places  it  forms  depositions,  incrufta- 
tions,  ftalaétites  ; in  others,  it  is  diffolved  in 
waters  by  means  of  a particular  combination, 
and  is  collected  at  their  furface,  or  precipitated 
among  the  bodies  which  occupy  their  beds  ; it 
is  fublimed,  or  flows  in  fufion  from  burning 
volcanos,  or  from  feveral  foils  formerly  volca- 
nized  ; it  is  concealed  in  the  earth,  combined 
with  a great  number  of  metals  ; is  met  with  in 
many  vegetables,  particularly  in  the  cruciferæ  ; 
and  it  is  alfo  e&traéted  from  animal  matters. 

4.  In  thefe  places  where  nature  prefen ts  ful- 
phur,  fo  abundantly,  that  the  foil  is  fometimes 
fo  impregnated  with  it  as  to  be  every  where 
apparent,  it  is  eafily  collected  whenever  a cold 
fpace  is  prefented  to  the  vapours  which  exhale 
from  the  hot  foil  that  contains  it.  In  this  man- 
ner  it  is  obtained  in  the  fulphureous  grounds, 
named  folfaterra  in  Italy.  It  is  alfo  feparated 
from  the  metallic  combinations  by  heat  : and 
by  this  method,  it  is  extracted  for  the  arts  and 
çhemiftry.  In  order  to  purify  it,  it  is  fufed  ; 
then  left  to  rep  ole  ; and  afterwards  caft  in  cy- 
lindrical moulds  of  wood,  in  the  form  called 
foll-brimftone. 


5,  Very 
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5.  Very  pure  fulphur  is  a folid  body,  of  a pe- 
culiar yellow,  of  a very  beautiful  femi-tranf- 
parence  when  it  has  (lowly  acquired  its  ag- 
gregation : in  which  circumftances  it  conftant- 
ly  a Hum  es  the  octahedral  form.  The  modern 
eryftalogifts  have  acknowledged  four  varieties  of 
this  form. 

a.  The  octahedron  with  faline  triangular 
faces;  this  is  the  primitive  form  of  its  integrant 
particles,  as  is  proved  by  the  dilfeCtion  of  the 
cryftals  combined  with  the  computation  of  the 
laws  of  diminutions,  bv  which  their  arrange- 
ment  is  capable  of  producing  the  other  forms  ; 
b.  the  primitive  oCtahedron,  of  which  the  two 
pyramids  are  ufually  feparated  by  a very  fhort 
prifm;  c.  the  primitive  oCtahedron,  of  which 
the  fummit  is  replaced  by  a face  perpendicular 
to  the  axis  : this  is  improperly  named  the  trun- 
cated oCtahedron  ; (L  the  preceding  variety, 
the  terminal  faces  of  which  have  their  four 
tides  replaced  by  as  many  facets. 

6.  Sulphur,  extracted  from  minerals,  and  puri- 
fied by  art,  is  never  tranfparent,  nor  regularly 
cryftallizecL  It  is  always  found  opaque,  granu- 
lated, and,  as  it  were,  laminated  in  its  fraCture, 
and  becomes  eleCtric  by  friction.  Nati  ve  fulphur 
lias  the  fpecific  gravity  of  2,0332  ; that  which 
lias  been  fufed  does  not  exceed  1,9907,  accord- 
ing to  Brillon.  It  is  very  brittle,  and  eafdy 
reducible  to  powder  ; has  no  very  determinate 
tafte,  though  when  left  fome  time  in  the 
mouth,  it  is  not  perfectly  infipid,  When  it  is 

rubbed 
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rubbed  for  a time,  it  appears  to  be  volatilized 
in  the  furrounding  air,  fo  as  to  form  an  atrno- 
fphere,  perceptible  to  the  feule,  by  a peculiar 
odour,  hightly  fetid,  and  well  adapted  to  cha- 
radlerife,  or  diftinguifli  it.  3f  a roll  of  fulphur 
be  preffed  for  fome  time,  or  even  if  it  be  held  in 
the  hand,  withoutpreffure,  it  crackles,  and  breaks 
into  many  finall  pieces  ; it  leaves  on  the  fkin  a 
very  ftrongfmell,  which  remains  forfeveral  hours. 
It  partly  lofes  its  colour  by  lévigation,  and  more 
efpecially  by  chemical  divifion,  fuch  as  takes 
place  in  precipitation  : it  then  fometimes  be- 
comes grey  or  white, 

7.  No  fenfible  effect  of  light  on  fulphur  has 
been  obferved  ; that  which  nature  prefen ts 
tranfparent,  produces  a ft  ronger  ref  radii  on  of  it 
than  it  could  produce  according  to  the  ratio  of 
its  denfity  : it  appears  that  it  follows  its  altera- 
bility  by  caloric.  Light  alfo  feniibly  colours 
the  powder  of  fulphur  when  it  is  white  ; it  tends 
to  reftore  the  yellow  fhade, 

8.  Caloric  dilates  fulphur;  at  a temperature 
fuperior  to  that  of  boiling  water,  it  melts,  and 
flows  flightly  vifeid.  It  becomes  tranfparent  by 
fufion,  and  affumes  a brownifli-red  colour,  but 
refumes  its  yellow  colour  by  cooling,  if  it  has  not 
been  long  kept  in  fufion.  If  it  be  flowly  cooled, 
it  affumes  an  irregular,  needled,  or  prifmatic 
form,  on  account  of  the  Hate  of  vifeous  fluidity 
which  it  had  acquired.  By  continuing  the 
heat,  it  becomes  thick,  as  it  were  fyrupy,  and 
if  then  poured  into  cold  water,  it  retains  a de- 
gree 
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gree  of  foftnefs,  which  renders  it  very  valuable 
for  iinprelïicns  of  feals,  &c.  When  fufed  in  a 
well-clofed  apparatus,  it  is  fublimed,  and  fixed 
in  very  fine  needles,  forming  a powder  which  is 
known  under  the  improper  name  of  flowers  of 
fnlphur.  As  it  feldom  happens,  that  there  is  not 
a imall  quantity  burned  in  this  procefs,  the 
fublimed  fulphur,  or  the  flowers  of  fulphur, 
are  ufually,  in  a flight  degree,  acid  : fometimes 
they  are  fufficiently  fo  to  moiften  in  the  air. 
Hence,  for  medical  ufes,  it  is  neceffary  to  wafli 
out  this  acid  portion. 

A 

9.  Sulphur  does  not  combine  in  the  cold  with 
oxigen  gas;  when  plunged  in  fufion,  and  well 
heated  in  this  gas,  it  burns  with  a flame  of  a 
brilliant,  and  almoft  white-blue  colour  ; it  dis- 
engages much  heat,  though  lefs  than  phofpho- 
rus,  and  is  converted,  by  the  abforption  of  ox- 
igen, into  a very  ftrong  acid,  named  fulphuric 
acid,  which  will  be  amply  treated  in  the  follow- 
ing fection.  It  is  not  exactly  known  how  much 
fulphur  abforbs  of  oxigen  in  this  combuftion, 
nor  how  much  caloric  it  feparatcs  from  the  gas. 


It  appears  that  it  abforbs  nearly  half  its  weight, 
and  difen  gages  between  a third  and  a half  lefs 
of  caloric  than  phofphorus  does,  from  the  por- 
tion of  oxigen  gas,  of  which  it  folidifies  the 
bale  in  burning.  In  the  courfe  of  this  pheno- 
menon it  is  leen,  that  a rapid  combuftion  of 
fulphur  takes  place  ; it  is  effected  almoft  with- 
out fmell. 


10.  This 
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10.  This  body  undergoes  merely  a flow  com- 
buftion  when  it  is  heated  in  contact  with  the 
atmofpheric  air  ; in  the  cold,  it  undergoes  no 
alteration.  If  it  be  kept  limply  fufecl,  without 
beino-  heated  above  fufion,  in  common  air,  it 
abforbs  only  a very  fmall  quantity  of  oxigen, 
and  forms  a reddifh-brown  mais,  of  a flightly- 
four  tafte,  which  not  yet  being  acid,  bears  the 
name  of  oxide  of  fulphur.  If  it  be  heated  fuf- 
iiciently  to  take  fire,  or  its  powder  be  fet  on 
fire  by  the  contact  of  an  inflammable  body,  it 
burns  with  a flame  of  a pale  blue,  and  emits  a 
ftrong,  irritating,  and  fuffocating  fmelk  The 
acid  which  it  forms  in  this  flow  com  buftion  is 
volatile,  odorant,  and  very  weak,  in  comparifon 
with  that  which  is  the  product  of  its  rapid  com- 
buftion.  It  is  called  fulphureous  acid  ; and 
differs  from  the  former,  by  a fmaller  proportion 
of  oxigen,  as  will  be  feen  in  the  third  fedfion  of 
this  work.  It  is  eaftly  colledted  by  burning 
fulphur  in  an  earthen  veffel,  placed  in  another 
veffel  filled  with  water,  which  is  covered  with 
a glafs  bell.  The  vapour,  which  exhales  in  this 
procefs,  is  diffolved  in  the  water,  which  rifes  in 
the  bell  to  fill  the  void  formed  by  the  abforption 
of  the  oxigen.  It  was  thus  that  formerly  the 
fpirit  of  fulphur  bij  the  hell  was  prepared. 

11.  The  phenomena  of  the  two  preceding 
combuftions  of  fulphur  prove,  that  this  body  is 
much  lefs  combuftible  than  the  preceding,  fmee 
it  neither  produces  the  fame  heat,  nor  the  fame 
light,  nor  abforbs  the  fame  quantity  of  oxigen, 

and 
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and  becaufe  it  requires  a much  longer  time  to 
effedt  this  proeels.  It  is  a lib  found,  by  accu- 
rate experiments,  that  fulphur,  lighted  in  the 
air,  is  far  from  abforbing  the  0,27  of  oxigen 
which  it  contains,  and  that  when  its  combuf- 
tion  has  ceafed,  phofphorus  and  pyrophorus  can 
hill  burn  in  that  air.  So  that  fulphur  has  lefs 
tendency  to  become  oxigenated  than  hidrogen, 
carbon,  and  phofphorus,  which,  in  effedt,  de- 
prive it  of  oxigen,  as  will  be  fliown  below. 
Hence,  it  is  evident,  that  the  firnple  combuftion 
of  pure  fulphur  cannot  be  of  ufe  in  eudiometric 
procédés. 

12.  But,  when  fulphur  is  very  much  divid- 
ed, as  it  is  in  a great  many  of  its  combina- 
tions, particularly  when  diffolved  in  liquids,  it 
burns  without  flame,  and  without  heat  in  the 
air,  completely  abforbing  its  oxigen,  and  be- 
comes converted  into  fulphuric  acid.  In  the 
other  articles,  the  circumftances  will  be  de- 
fcribed,  wherein  this  infenfiblc,  but  neverthelels 
complete,  combuftion  of  fulphur  takes  place,  as 
well  as  the  application  which  has  been  made  of 
many  of  thefe  circumftances  to  eudiometry. 
They  are  only  indicated  here  for  the  purpofe  of 
combining  or  approximating  all  the  phenomena 
relative  to  the  combuftion  of  fulphur,  and  to  its 
combination  with  oxigen. 

J O - 

13.  There  is  no  known  union  between  azote 
arid  fulphur,  though  thefe  two  bodies  are  fre- 
quently found  combined,  but  together  with 
pnany  others,  in  vegetable  and  animal  fub- 

ftances. 
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fiances.  Azotic  gas  diffolve's  a little  fuîphûr 
when  it  is  heated  in  a veffel  of  that  elaftic  fluid. 
The  fulphurated  azotic  gas  is  fetid  ; it  depofits 
a part  of  the  fulphur  when  the  temperature,  is 
dim  ini  died.  The  other  properties  of  this  mixed 
gas  are  ft  ill  little  known,  which,  when  better 
ftudied,  may  throve  light  on  many  interefting 
chemi  c a 1 phenomena. 

14.  The  direct  and  binary  combination  of 
fulphur  with  hidrogen,  is  as  little  known,  though 
it  can  be  well  proved  that  thefe  two  bodies 
are  capable  of  uniting.  It  is  certain  that  they 
are  frequently  united  together,  though,  indeed, 
with  fome  other  matters,  in  the  complicated 
compounds  which  belong  to  the  vegetable  and 
animal  organization;  but  the  direct  and  binary 
combination  of  hidrogen  and  fulphur  is  effected 
by  certain  means,  of  which  it  is  neceffary  to  ex- 
plain here  the  general  theory  and  influence, 
though  it  does  not  take  place  but  by  means  of 
feveral  other  different  bodies  which  have  not 
yet  been  treated  of.  Whenever  nafeent  hidro- 
gen gas,  that  is  to  fay,  hidrogen,  at  the  moment 
when  it  affames  the  gafeous  form,  is  difengasred 
from  a compound,  or  a mixture,  or  from  a com- 
bination holding  fulphur  very  much  divided, 
it  always  carries  off  a certain  quantity  in  folu- 
tion.  It  acquires  new  properties,  a much  great- 
er denfity,  an  extremely  fetid  fmcll,  an  horrid 
mephitifm,  the  property  of  giving  a blue  flame 
and  of  depofiting  fulphur  in  burning,  which  is 
alfo  precipitated  from  it  by  contaâ  of  the  air, 

and 
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ami  particularly  during  its  folution  in  water, 
8c  c.  This  laft  property,  namely,  its  folubility, 
which  has  refolved  the  problem  of  fulphureous 
mineral  waters,  as  I fhall  elfewhere  fhow,  by  re- 
ferring to  fulphurated  liidrogenous  gas,  in  the 
articles  where  the  bodies,  which  favour  its  forma- 
tion, are  treated  of,  leads  us  to  treat  of  fulphu- 
rated hidrogen,  or  the  combination  of  thefe  two 
eombuftibles,  deprived  of  the  gafeous  ftate. 
This  appears  frequently  to  exift  in  organic  fub- 
ftances  ; fuch  it  is  particularly  in  thole  com- 
pounds which  Berthollet  has  named  kidro-ful - 
phurets , and  of  which  I have  treated  in  the 
fourth  fection.  There  are,  alfo,  circumftances 
of  which  I fpeak  on  the  fame  occahon,  in  which 
fulphur,  united  immediately  with  hidrogen, 
forms  a concrete  hidrogenated  fulphüret,  of  an 
oily  appearance,  which  the  fame  chemift  has  ob- 
ferved  at  the  bottom  of  feme  folutions  of  hiclro- 


lulphurets. 

15.  Sulphur  does  not  unite  with  carbon  in  a 
direct  manner,  fo  that  we  are  not  really  ac- 
quainted with  carbonated  fulphur,  or  fulphu- 
rated carbon.  At  whatever  temperature  thefe 
two  Ample  bodies  are  treated,  or  mixed  toge- 
ther, they  do  not  combine.  This  combination 
is,  neverthelefs,  met  with  in  vegetable  matters, 
and  particularly  in  animal  fubftances,  with  a 
third,  and  fometimes  indeed  with  a fourth  body. 
It  is  even  probable,  that  it  is  a carbo-fulphurated 
compound  which  forms  the  bafe  of  a peculiar 
combuftible,  which  has  already  been  indicated 

under 
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under  the  name  of  pyrophorus,  and  which 
will  be  treated  of  in  the  fifth  febtion  of  this 

work. 

1 6.  Phofphoms  and  fulphur  unite  very  well 
in  all  proportions.  This  union  is  effected  by 
throwing  fulphur  in  powder  on  fufed  phofpho- 
rus  at  the  bottom  of  water  ; at  the  very  moment 
of  contact  the  fulphur  is  abforbed  by  the  phof- 
phorus,  and  becomes  combined  and  fufed  with 
it.  The  compound  of  fulphurated  phofphoms, 
or  of  phofphorated  fulphur,  named  in  thefe  two 
modes,  accordingly  as  phofphorus  or  fulphur 
bear  the  larger  proportion,  is  always  more  bub- 
ble than  either  the  two  combuftible  bodies  when 
feparate.  The  following  are  the  principal  facts 
ascertained  by  Pelletier,  relative  to  thefe  com- 
binations.  Eight  parts  of  phofphorus  and  one 
part  of  fulphur,  form  a yellow  compound 
which  remains  fluid  at  28  degrees  of  the  ther- 
mometer of  Reaumur.  Four  parts  of  phofpho- 
rus and  onç  part  of  fulphur  combined,  remain 
fluid  at  12  degrees.  One  part  of  phofphoms 
and  half  a part  of  fulphur  retain  fluidity  at 
8 degrees.  Equal  parts  of  thefe  two  bodies 
form  a combination  which  docs  not  become  fix- 
ed till  at  4 degrees.  One  part  of  phofphorus 
and  two  parts  of  fulphur,  very  cafily  combine 
under  water  by  a mild  heat  ; this  remains  fluid 
only  till  18  degrees,  and  partly  cryftallizes  at 
that  temperature.  One  part  of  phofphoms  and 
three  of  fulphur  unite  very  well,  the  former  ab- 
forbing  under  water,  the  three  parts  of  the  lat- 
ter 
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ter  added  fucceffively  one  at  a time.  This 
phofphorated  fulphur  remains  liquid  at  30  de- 
grees. All  thefe  compounds,  as  is  evident,  are 
more  fufible  than  phofphorus  itfelf,  and  much 
more  fulible  than  fulphur  ; which  manifeftly  de- 
pends on  this,  that  they  retain,  in  their  combina- 
tion, a greater  quantity  of  caloric  than  each  of 
them  contains  feparately.  So  that  a flight  re- 
frigeration takes  place  at  the  moment  when  the 
combination  takes  place.  That  compound, 
which  remains  fluid  till  4 degrees  of  tempera,- 
ture,  appears,  while  preferved  under  water,  as  a 
white,  or  flightly-opaque  lemon-coloured  oik 
Thefe  combinations  may  be  made  in  the  dry 
way,  and  in  retorts,  by  collecting  the  product 
by  diftillation,  in  a receiver  half  full  of  water  ; 
they  are  fufed  with  rapidity,  and  even  with  ex- 
ploiion;  it  is,  therefore*  neceifary  to  ufe  much 
precaution  in  treating  them.  Thofe  which  are 
formed  with  fufed  phofphorus  under  water,  by 
adding  a fulphur  to  it,  are  accompanied  by 
fwelling,  and  by  jets  thrown  out  of  the  veffeî,f 
particularly  if  it  be  rather  brifkly  heated. 

] 7.  Sulphurated  phofphorus,  or  phofphorated 
fulphur,  formed  in  the  dry  way,  fwells  up  when 
thrown  into  waiter  ; it  difengages  globules  of 
gas  which  have  a fetid  garlic  fmell,  and  are  lu- 
minous in  the  dark;  thefe  globules  are  frequent- 
ly inflamed  fpontaneoufly  and  with  exploiion  in 
the  air.  The  water,  which  contracts  in  this 
eafe  an  acid  quality,  is  manifeftly  decompos'd 
in  this  experiment,  as  will  be  mentioned  clfe- 

where?: 
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where,  and  it  difengages  phofpho-fulphurated 
hidrogenous  gas.  It  is  evident,  that  the  phof- 
phorus and  fulphur  acquire,  by  their  union,  a 
fîronger  attradtion  for  oxigen  than  they  have 
feparately,  fmce  they  are  capable  of  carrying  it 
off  from  hidrogen,  and  of  decomposing  water. 
The  very  great  combuftibility  of  fulphurated 
phofphorus  is  turned  to  advantage  in  the  pre- 
paration of  the  bougies,  included  in  tubes  of 
glafs,  which,  when  they  are  taken  from  them, 
after  having  broken  the  tubes,  take  fire  the  mo- 
ment they  acquire  the  contact  of  the  air.  On 
this  property  alfo  are  formed  thefe  bottles,  con- 
taining fufed  phofphorus,  inflamed  by  a rod  of 
red-hot  iron,  and  quickly  extinguifhed,  in  which 
the  fulphureous  matches,  which  are  dipped  in 
them,  catch  fire  the  moment  they  are  drawn  out 
into  the  common  air. 

18.  It  is  very  remarkable  in  the  combination 
of  fulphur  and  phofphorus,  as  well  as  in  thole 
of  the  greater  number  of  combuftible  bodies 
with  each  other,  that  they  can  exift  very  diffe- 
rent in  proportions  of  the  two  matters  which  are 
combined  together,  or  in  a great  latitude  of  the 

V.  / J o 


relative  quantities,  whereas  the  combinations  of 
each  of  thefe  lèverai  bodies  with  oxigen,  admit 
of  only  one  confiant  limit  in  the  proportions  of 
each.  This  laft  property  is  always  obferved, 
and  fhould  be  oppofed  to  that  which  I have  juft 
remarked,  in  the  compounds  of  combuftibles 
with  each  other,  and  in  the  combinations  of 


burned  bodies  with  the  bales,  as  will  be  explain- 
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ed  more  largely  in  the  hiftory  of  the  faits,  fifth 
fection. 

19.  It  is  evident,  from  what  has  been  ftated, 
refpedting  the  properties  of  fulphur,  placed  mere- 
ly in  contact  with  the  eight  fubftances,  of  which 
the  examination  precedes  the  fir  ft  article,  that 
this  eomhuftible  body,  known  as  it  is  at  prefent, 
has  fingularly  contributed  to  the  advancement 
of  the  faience,  and  to  the  explanation  of  a great 
number  of  natural  phenomena  ; for  it  will  be 
admitted,  from  the  feries  of  articles  comprifed 
in  the  following  fedtions,  that  nature  employs 
fulphur  in  a great  number  of  its  operations,  pre- 
fents  it  under  many  forms  among  foftils,  charges 
with  it  the  waters  denominated  fulphureous, 
mineralizes  with  it  the  metals,  caufes  it  to  pafs 
into  the  vegetable  and  animal  fibres,  and,  in  a 
word,  exhibits  it  to  chemifts  in  an  infinite  num- 
ber of  combinations. 

£0.  Mankind  have  ufed  this  fulphur,  which 
Nature  prefents  on  all  ftdes,  for  a multiplicity 
of  ufeful  purpofes.  So  numerous  are  the  arts 
of  which  this  fubftance  forms  the  fubjccf,  the 
bafe,  or  one  of  the  principal  materials,  that  it 
would  be  fuperfluous  to  attempt  any  enumera- 
tion in  this  place.  This  enumeration  will  be 
given  in  the  feveral  feélions  of  this  work,  when- 
ever the  ufeful  applications  of  chemiftry  require 
it  to  be  announced. 
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Article  XL 
Concerning  the  Diamond . 

O 

1.  IT  appears  at  fir  ft  extraordinary  that  the 
diamond,  which  has  been  fo  long  placed  in  the 
rank  of  precious  hones,  or  cryhalline  gems; 
that  the  diamond,  one  of  the  hardeft  and  molt 
inalterable  bodies  in  nature,  fhould,  at  prefent, 
be  reckoned  in  the  number  of  Ample  c om bill'd- 
ble  fubftances,  next  to  fulphur  and  phofpliorus. 
Bergmann  has  ranked  it,  in  1784,  among  the 
bitumens,  acknowledging  it  to  be  an  inflamma- 
ble matter,  though  he  had  admitted  leven  years 
before,  by  placing  it  at  the  end  of  his  analyfis 
of  gems,  two  earths  combined  with  this  inflam- 
mable body,  of  which  he  feems  to  believe  the 
diamond  particularly  formed  : but  it  is  neceflary 
to  obferve,  that  he  made  his  experiments  only 
with  the  diamond  powder  of  commerce,  which 
is  Angularly  impure. 

2.  Newton,  conhdering  they  great  refractive 
force  of  the  diamond,  conjectured  that  it  muft 
be  combuftible.  Cofmo  III.  Grand  Duke  of 
Tufcany,  flrh  caufed  experiments  to  be  made  at 
Florence  in  1694  and  1695,  by  the  members  of 

* «y 

the  Academy  del  Cimente,  from  which  it  refult- 
ed  that,  when  treated  with  the  bur  nine:  mirror, 
it  becomes  tarniflied,  deprived  of  its  poliih,  lofes 
weight,  or  is  difhpated  without  any  rehdue  or 

trace. 
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trace.  Many  years  afterwards,  Erancois-Etienne 
de  Lorraine,  afterwards  Grand  Duke  of  Tuf- 
cany,  and  then  emperor  under  sfhe  name  of 
Francis  I.  made  at  Vienna  a feries  of  elfays,  in 
which  he  faw  that  diamonds  were  deftroyed  by 
the  mere  heat  of  furnaces.  Citizen  Darcet  af- 
terwards proved,  that  they  are  deftroyed  even 
in  crucibles  of  porcelain,  when  very  clofe. 
Macquer  hr  ft,  in  1771?  faw  the  diamond  fwell, 
and  burn  with  a luminous  glory,  or  a very  fen- 
fible  flame.  Rouelle  the  younger,  Roufe,  Ca- 
det, Mitouart  have  eftablifhed,  by  many  expe- 
riments, the  volatilization,  and  combuftion  of 
the  diamond.  it  is  to  Lavoiher,  that  the  laft 
and  the  moft  accurate  refearches  concerning  the 
phenomena,  and  the  products  of  this  combuf- 
tion are  due. 

3.  The  diamond  has  not  yet  been  found  but 
in  fome  countries  of  the  Eaft  Indies,  particular- 
ly at  Golconda  and  Vilapour.  They  are  found 
of  lets  beauty  in  the  Braids  : it  is  laid,  that  they 
exift  under  rocks  of  granite,  between  beds  of 
ochreous  earth,  which  are  always  enveloped,  or 
covered  with  an  earthy,  lamellated,  and  fparry 
cruft;  fometimes  they  are  found  roiled,  and 
brilliant  in  waters.  They  are  diftinguifhed,  in 
commerce,  into  different  fpecies  by  their  hard- 
nefs,  their  tinge,  their  beautiful  water,  and  their 
colour  ; becaufe  there  are  fome  of  them  which 
are  coloured  like  the  cryftalline  gems.  Some 
are  veined,  fpotted,  and  clouded:  it  is  afferted, 
that  thefe  laft  defects  difappear  by  heating  the 
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diamonds,  for  fome  time,  in  very  clofe  cruci- 
bles. All  the  differences  here  indicated,  and 
even  thole  of  form,  do  not  conftitute  fpecies, 
but  mere  varieties  of  the  diamond. 

4.  There  is  no  known  body  fo  hard  as  the  dia- 
mond, fmce  there  is  none  of  them  which  can 
act  upon  it  by  friction  ; it  is  impoffible  to  grind, 
or  polilh  diamonds,  but  by  rubbing  them  againli 
each  other:  by  which  means,  diamond  powder 
is  obtained.  Though  very  hard,  the  diamond 
is  far  from  poffeffmg  the  fpecific  gravity  of  the 
metals  : according  to  Briffon,  its  fpecific  gra- 
vity is  from  3,5£1£  to  3,5310.  Its  form  is  al- 
moft  always  regular.  It  is  found  in  a regular 
octahedron,  which  is  its  primitive  form  : that 
of  its  particles  is  the  regular  tetrahedron.  That 
which  is  named  the  fpheroidal  diamond,  has 
forty-eight  curvilineal  triangular  faces,  and  owes 
this  Angular  cryftailization  to  a regular  de- 
creafe,  which  Haiiy  has  fubmitted  to  calcula- 
tion. The  lapidaries,  in  cutting  it,  difcover 
plates  in  the  direétion  of  which  it  is  eafier  to 
divide  it  : it  is  this  which  they  called  fplitting 
the  diamonds.  The  hardeft  appear  to  be  formed 
of  contorted  fibres  : lapidaries  call  them  dia- 
monds of  nature. 

5.  The  diamond  expofed  to  light  refradts  it, 
and  decompofes  it  more  efiicacioufiy  than  any 
other  tranfparent  body.  This  is  the  property 
by  which  it  pleafes  moll  ; it  fparkles,  with  all 
the  fplendor  of  the  rainbow,  principally  when 
its  effects  are  multiplied  by  cutting,  and  the 

number 


SIMPLE  BODIES: THE  DIAMOND.  287 

.number  of  the  poliihed  facets  with  which  it  is 
inclofed.  Thofe  which  are  cut  in  pyramids,  on 
both  tides,  bear  the  name  of  brilliants  ; and  the 
diamonds  cut  only  on  one  tide,  and  flat  on  the 
other,  are  named  raj  es.  The  diamond  appears 
to  have  the  property  of  retaining  light  among 
its  particles  : when  it  is  left  fome  time,  in  the 
fun,  and  then  carried  into  a dark  place,  it  is  lu- 
minous, and,  as  it  were,  phofphoric  ; it  is,  alfo, 
very  fenfibly  electric  by  rubbing. 

6\  Caloric,  accumulated  in  great  quantity 
in  the  diamond,  after  having  dilated  it  without 
fufion,  caufes  it,  however,  to  boil  (lightly,  to 
(well,  and  even  to  fcorify  in  fome  points.  It 
appears,  alfo,  to  lofe  a portion  of  its  external 
brilliancy,  to  tarnifh,  and  even  to  become  en- 
veloped with  a kind  of  blackifh  covering,  when 
there  is  a little  air  in  the  apparatus.  In  a very 
ftromr,  and  lonn*  continued  heat,  as  that  of  the 
furnaces  for  porcelain,  the  diamond,  though 
inclofed  in  crucibles  of  porcelain  pake,  is  vola- 
tilized, and  difappears,  leaving  the  (pace  void, 
which  it  occupied  in  the  middle  of  that  pake. 
This  Angular  refult,  obtained  by  Darcet,  and 
verified  by  Macquer,  upon  charcoal  treated  in 
the  fame  manner,  depends  on  the  dilatation  of 
the  pake  by  the  krong  heat,  and  to  the  com- 
buftibilitv  of  the  diamond,  which  is  afeertained 
beyond  all  doubt,  by  other  experiments. 

7.  The  diamond,  which  does  not  undergo 
any  alteration  in  the  cold  in  oxigen  gas,  is  cer- 
tainly capable  of  burning,  even  with  flame  and 
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decrepitation,  when  plunged  therein  very  much 
heated,  or  environed  with  other  combuftible 
matters  which  can  give  heat  to  it.  What  hap- 
pens in  this  kind  of  combultion  is  not  exactly 
afeertained.  It  may  be  cite  fled,  either  by  the 
aid  of  the  rays  of  the  fun  combined  by  a lens, 
and  thrown  upon  the  diamond,  incloled  in  a 
glals  veffel,  filled  with  oxigen  gas  over  mer- 
cury, or  ftill  more  commodioufiy,  by  canting 
very  pure  oxigen  gas  to  pafs  through  a tube  of 
porcelain,  in  which  the  diamond  is  kept  ig- 
nited. Every  fa6t  proves  that  the  product  of 
this  combuftion  is  the  fame  with  that  of  carbon, 
as  is  evident,  in  treating  the  diamond  in  the 
air.  It  has  been  announced,  in  September 
179  b that  a diamond  had  been  burned  at 
Prague,  by  plunging  it  into  a veiled  full  of  ox- 
igenous  gas,  after  having  attached  to  it  a fmall 
portion  of  ignited  iron  wire,  the  combuftion  of 
which,  excited  by  the  oxigen  gas,  was  after- 
wards communicated  to  the  diamond,  which 
burned  with  the  greateft  fplendor.  It  has  been 
alfo  announced  that  the  diamonds  of  Brafil  do 
not  burn  by  this  means.  This  experiment  ought 
to  be  made  ufe  of,  to  determine  what  charme 
the  oxigen  gas  undergoes.  Nothing  happened 
in  confequence  of  this  fine  experiment,  as 
M.  Landriani  has  deferibed  it  in  his  letter. 
(Annal,  de  Chimie,  XI,  pag.  15d). 

8.  It  is  well  proved,  that  the  diamond,  heated 
with  the  contact  of  the  air,  in  the  mere  heat  of 
the  cupelling  furnace,  fwells  when  red-hot, 
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■commences  by  p relenting  a colour  more  brilliant 
•than  the  veflel  which  fupports  it,  and  becomes 
environed  with  a luminous  glory,  or  a true  flight- 
ly  greenifh- white  flame,  arid,  when  it  has  attain- 
ed that  temperature,  loon  clifappears  in  the  air 
which  environs  it,  continuing  to  fparkle  with 
the  fame  fplendor  till  its  laft  particle  clifappears, 
Thefe  phenomena,  feen,  for  the  firft  time,  by 
Macquer  in  1771,  afterwards  confirmed  by 
Da  rcet,  Rouelle  the  younger,  Roux,  Bucquet, 
Cadet,  Mitouart,  Guyton,  and  myfelf,  leave  no 


doubt  that  the  diamond  undergoes,  in  this  cafe, 
a real  combuftion.  If  the  experiment  be  inter- 
rupted, after  the  flame  has  commenced,  the  cool- 
ed diamond  is  found  to  have  loft  weight,  and  is 
frequently  blackened  at  the  furface.  This  lalt 
colour,  which  envelopes  it  like  a covering,  prin- 
cipally takes  place  when  it  is  heated  Ids  than  is 
nee  elfary  to  burn  it.  If  it  be  heated  in  retorts, 
it  does  not  lofe  weight,  but  in  proportion  to  the 
quantity  of  air  contained  in  the  apparatus,  as 
Lavoifier  has  obferved.  This  celebrated  che- 
min, having  expofecl  diamonds,  in  bell-glafies 
full  of  air,  reverfed  on  water,  and  on  mercury,  to 
the  focus  of  a burning  glafs,  always  obferved 
the  volume  of  the  air  to  be  diminilhed  about  a 
le  veil  th,  the  diamonds  to  lofe  weight,  and, 
what  is  ftili  more  remarkable,  the  atmofpheric 
oxigen  gas  is  converted  into  carbonic  acid  gas. 
In  eltablifhing,  at  the  end  of  thefe  experiments, 
a comparifon  between  the  effects  of  charcoal, 
and  thofe  of  the  diamond,  he  fliewed,  even  in 
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1 792,  that  there  was  reafon  to  infer  that  thefe 
two  bodies  have  the  greateft  and  the  moft  fin- 
g'ul  r analogy  in  the  products  which  they  leave 
after  combnftion.  It  would  be  very  aftonith- 
ing  if  the  diamond  fhould  be  pure  carbon  ; and 
this,  however,  it  will  be  necelfary  to  conclude, 
if  it  fhould  be  found,  that  the  product  of  the 
combuftion  in  oxigen  gas  lie  merely  carbonic 
acid.  Farther  experiments  mu  ft  be  made  to 
j uft  if  y this  conclulion. 

9.  There  is  no  known  action  between  azote, 
hidrogen,  carbon,  phofphorus,  fulphur,  and  the 
diamond.  It  is  true  that  no  accurate  experi- 
ment has  yet  been  made  on  this  fubject  ; per- 
haps, an  attraction  between  phofphorus  and  the 
diamond  will  be  difcovered.  Hitherto,  no 
combination  of  thefe  two  bodies  with  each 
other  has  been  found.  It  is  known  that  the 
powder  of  charcoal,  in  which  diamonds  are  in- 
clofed,  in  the  middle  of  very  clofe  refrahlory 
crucibles,  enveloped  in  a covering  which  is 
fufed  into  glafs,  by  which  the  apparatus  is  found 
completely  enveloped,  defends  thefe  diamonds 
from  all  change  by  heat,  and  that  this  is  the 
method  which  lapidaries  make  ufe  of  to  take 
away  fpots  from  fome  diamonds. 

10.  The  ufes  of  the  diamond,  are  not  many; 
its  beauty  caufes  it  to  be  particularly  employed 
as  an  ornament,  and  as  a part  of  drefs  ; cutting 
and  polifhing  adds  to  its  fplendor  ; its  fcarcity 
renders,  it  of  high  price;  and  this  is  to  luxury, 
as  well  as  to  ambition,  a powerful  motive  for  its 

acquifitiom 
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acquisition.  They  arc  not  employed  in  the  arts, 
except  to  cut,  faihion,  and  grind  gl ailes,  and 
feme  hard  ftones,  and  to  engrave  on  the  fame 
bodies. 

Article  XII. 

Concerning  the  Metals . 

1.  I HAVE  ranked  the  metals  in  this  fir  ft  clafs 
of  chemical  bodies,  or  among  undecompofed 
bodies,  merely  to  complete  the  feries  of  fimple 
combuftible  matters,  which  belong  to  this  clafs. 
It  would  not  be  proper,  betides,  to  fpeak  of  them 
here  but  in  a general  and  rapid  manner,  (imply 
to  compare  them  with  the  preceding  combuftible 
bodies.  The  hiftory  of  metals  ought  to  differ 
from  that  of  other  fimple  bodies  becaufe  they 
comprehend  a very  great  number  of  perfectly 
diftindt  fpecies,  to  which  there  is  every  reafon 
to  believe  that  future  difeoveries  will  ftill  add 
others  ; and  confequently  it  will  be  lufficient, 
if  we  here  explain  thole  properties  only  which 
belong  to  the  whole  genus. 

2.  The  metals  are  very  diftinguifliable,  and 
very  diftindt  from  all  other  bodies,  by  their  per- 
fedt  opacity,  brilliance,  or  fplendor,  their  con- 
liderable  weight,  and  the  ductility  of  feme, 
or  the  facility  of  changing  their  form  and  di- 
mentions,  without  lofmg  their  confiftence  and 
tenacity,  by  mere  preffure;  they  are  really  com- 
buftible bodies,  fince  they  all  combine  with  ox- 
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i gen,  which  they  folidify,  and  fmce  they  all, 
during  that  combuftion,  burn  with  a flame,  more 
or  lefs  brilliant,  and  a heat,  more  or  lets  ftrong. 

3.  Nature  prefents  them,  either  in  malles, 
forming  beds  or  veins,  in  the  interior  of  the 
earth,  or  in  diffeminated  portions,  or  in  depofi- 
tions,  and  fuperfieial  incruftations.  They  arc 
found,  alfo,  in  vegetable  and  animal  combina- 
tions: rarely  pure  ; frequently  combined  with 
each  other,  or  combined  with  the  combuftible 
bodies  formerly  treated  of;  united  with  oxigen, 
or  faturated  in  that  ftate  of  oxidation,  with  a 
number  of  burned  matters,  which  will  be  treat- 
ed of  in  the  following  febtions.  The  proceffes 
to  difcover  them,  to  extract  them  from  the 
earth,  to  effay  them,  to  obtain  them  feparate 
from  their  mineralizers,  that  is  to  fay,  from  the 
different  matters  which  are  united  with  them, 
which  conceal  their  properties  by  reducing  them 
to  the  ftate  of  ores,  and  laftly,  to  purify  them, 
belong  to  the  very  important  chemical  arts,  of 
which  I fliall  fpeak  in  the  febtion  appropriated 
to  the  hiftory  of  the  metals  in  particular.  I 
fliall,  alfo,  in  like  manner,  refer  the  claflifi cation 
of  the  numerous  natural  combinations  which 
they  form,  and  which  will  be  one  of  the  objects 
of  the  feventh  febtion. 

4.  All  the  metals,  reflebt  more  or  lefs  lmht, 
and  conftitute  mirrors,  when  poliflied.  All  of 
them  are,  at  full,  dilated  by  caloric,  permit  it 
to  pafs,  more  or  lefs  eafily,  as  very  good  con- 
dubtors,  are  fufed,  and  flow  when  fufficiently 
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penetrated  with  it  ; and  at  very  different  de- 
crees of  heat.  Some  of  them  are  volatilized 
quickly,  and  others  more  difficultly.  All  of 
them,  when  cooled  (lowly  after  having  been 
fufed,  cryfkdlize  in  obtahedra,  or  in  cubes,  or 
in  forms  which  are  derived  from  them.  Thole 
which  afford  regular  octahedrons,  luch  as  are 
obferved  alio  in  the  native  metals,  have  the  re- 
gular tetrahedron  for  their  integrant  particle;  in 
others,  the  cube  is  at  once  the  primitive  form, 
and  that  of  the  integrant  particle. 

5.  All  the  metals,  more  or  lets  heated,  burn 
with  flame  and  decrepitation  in  oxigen  gas  ; 
they  clifengrge  from  it  light  and  caloric,  and 
abforb  oxigen  in  different  quantities,  and  ad- 
here to  it  with  very  various  forces;  they  each 
affume  different  proportions,  according  to  the 
manner  in  which  their  combination  with  that 
principle  is  effected  ; they  form  either  acids  or 
oxides.  ’ The  greater  number  of  the  preceding 
combuftible  bodies  have  more  attraction  forox- 
jo-en  than  the  metals  have,  and  can  deprive  them 
of  it. 

6.  In  atmofpheric  air,  moft  of  the  metals  un- 
dergo, but  very  (lowly,  a (light  alteration  at  or- 
dinary temperatures  ; fome  of  them,  however, 
are  thus  burned,  and  oxided  very  quickly.  All 
of  them,  when  heated  confderably,  are  oxided 
with,  or  without  flame,  and  decompofe  the  com- 
mon air  by  depriving  it  of  its  oxigen,  and  leav- 
ing infulated  the  azote  gas.  Some  of  them 
might  even  be  uled  as  eudiometers. 


7.  The 
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7.  There  is  not,  in  art,  any  known  union  be- 
tween azote,  hidrogen,  and  the  metals  ; but 
no  fa6t  proves  that  this  is  impoffible,  or  that  it 
does  not  exift  in  Nature.  There  are,  even, 
fome  facts  which  fliow  that  certain  metals  may 
be  diffolved  in  hidrogen  gas,  and  probably  a 
much  greater  number  will  be  hereafter  found 
fufceptible  of  this  kind  of  folution,  which  mull 
modify  the  properties  of  hidrogen  gas,  as  car- 
bon, phofphorus,  and  fulphur  do.  If  thefe  com- 
binations fliould  be  difcovered,  they  may  be 
named  metallic  hidrurets,  and  hidrogenated  me- 
tals, accordingly  as  the  hidrogen,  or  the  metal 
is  in  greateft  quantity. 

8.  Several  metals  are  already  known  as  to 
their  property  of  uniting,  to  carbon,  and  it  is 
very  natural  to  think  that  the  greater  number 
polfefs  this  property,  and  that  it  is  not  yet  dif- 
covered, for  want  of  fufficient  refeareh.  When 
carbon  enters  into  combination  with  a metal, 
which  only  takes  place  by  fufion,  or  at  a high 
temperature  which  greatly  foftens  the  metallic 
furface,  the  metals  lofe  the  natural  arrangement 
of  their  particles,  and  are  changed  in  form,  co- 
lour, dudlility,  weight,  fufibility,  &c.  If  there 
be  little  carbon  prefent,  they  are  named  carbo- 
nated metals  ; in  the  oppolite  cafe,  they  will  be 
metallic  carburets. 

9.  There  is  no  known  action  of  carbonated 
hidrogen  gas  on  the  metals  ; carbonated  hidro- 
gen is,  perhaps,  capable  of  combining  with  thefe 
bodies.  Hidrogen  having,  befides,  more  at- 
traction 


SIMPLE  BODIES: — THE  METALS,  QQS 


traâion  for  oxigen  than  moft  metallic  fub- 
ftances  have,  it  is  evident,  that  their  oxides 
ought  to  be  decompofed  by  hidrogen  gas,  or  by 
the  different  hidrogenated  combinations.  This 
decompofition  is  moft  frequently  proved  in 
treating  the  heated  metallic  oxides  with  hidro- 
gen  gas  ; by  this  means,  they  again  pafs  to  the 
ftate  of  metals,  and  water  is  formed  by  the  union 
of  the  hidrogen  with  the  oxigen  of  the  oxides. 
Thefe  decompofitions . fometimes  take  place  in 
the  cold,  and  by  fnnple  contact. 

10.  Pholphorus  eaftly  combines  with  all  the 
metals,  provided  they  are  placed  in  a very  di- 
vided ftate,  in  contadt  with  phofphorus,  when  it 
is  feparated  from  its  compounds,  and  particu- 
larly from  the  phofphoric  acid  in  which  it  is 
employed.  If  there  be  little  phofphorus  in 
thefe  combinations,  they  muft  be  named  phos- 
phorated metals  ; if,  on  the  contrary,  they  con- 
tain more  of  phofphorus  than  of  metal,  they 
are  metallic  phofphurets.  All  thefe  compounds 
are  more  or  lefs  granulated,  lamellated,  brittle, 
fuftblc,  inflammable,  fometimes  even  by  a blow, 
fetid  by  the  contadt  of  water,  and  of  humid  air. 
Phofphorus,  in  this  ftate,  lofes  its  luminous  pro- 
perty, and  even  a great  part  of  its  combuftibi- 
lity.  It  is  probable,  that  the  metallic  phofphu- 
rets exift  in  Nature,  and  that  they  conftitute 
certain  ores,  though  this  lias  not  yet  been  veri- 
fied by  analyfis. 

11.  The  adtion  of  phofphorated  hidrogen  gas 
on  the  metals,  has  not  been  examined  with  fuff 
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ficicnt  care;  there  is  reafon  to  believe,  that  thefe 
combinations  exift  even  in  Nature.  The  great- 
er part  of  the  metallic  oxides  are  decompofed 
by  this  gas,  which,  by  bringing  them  again  to 
the  metallic  ftate,  forms  water,  and  pliofphoric 
acid  in  proportion  as  it  carries  off  their  oxi- 
gen. 

12.  Sulphur  unites,  in  different  proportions, 
with  moft  of  the  metals.  Thofe  which  are 
very  fufible,  become  difficult  of  fufion  by  this 
combination  ; on  the  contrary,  it  augments  the 
fufibility  of  thofe  which  are  refractory.  The 
metallic  fulphurets  are  extremely  abundant,  and 
frequent  in  nature  : they  conftitute  the  greater 
number  of  metallic  ores.  Frequently  caloric 
drives  off  a portion,  or  the  whole  of  the  fulphur 
which  they  contain.  This  is  one  of  the  pro- 
cédés which  is  practifed  on  a large  fcale,  in  lome 
cafes,  to  procure  the  fulphur,  and,  in  others,  to 
commence  the  reparation,  or  purification  of  the 
metallic  fubftance.  The  metallic  fulphurets 
poffefs  many  other  important  properties  which 
will  be  defcribed  under  the  article  of  each  me- 
tal in  particular.  We  fhall  be  content  with  add- 
ing, in  this  place,  that  fome  of  them  arc  fre- 
quently very  combuftible,  and  that  they  abforb 
oxigen  fo  quickly  that  they  may  be  ufeful  in 
eudiometry  ; that  they  decompofe  water;  and 
that,  in  this  laft  cafe,  fulphurated  hidrogen 
gas  is  feparated,  of  which  thefe  bodies  are  the 
moft  abundant  fource,  &c. 

. 13.  Sulphurated 
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13.  Sulphurated  hidrogen  gas  aéfs,  in  a very 
remarkable  manner,  on  feveral  metallic  fub- 
ftances  ; by  the  flighteft  contact  it  colours  them; 
in  this  cafe,  it  appears  that  the  atmofpheric 
oxigen  unites  to  the  hidrogen,  and  the  metal  to 
the  fulphur  ; thus  metals,  for  a long  time  ex- 
poled  to  this  gas,  become  covered  on  their  fur- 
face,  by  a cruft  of  metallic  fulphuret  ; fome  other 
metals  appear  to  abforb  it  entirely,  and  to  com- 
bine with  it  in  hidro-fulphurets.  The  effect  of 
this  gas  is  ftill  more  marked  on  a great  number 

O o 

of  metallic  oxides  ; fome  abforb  it  entirely,  and 
combine  with  it  in  fuch  a manner,  as  to  formhi- 
dro-fulphurated  oxides;  others  decompofe  it, 
and  are  decompofed,  at  the  fame  time,  more  or 
lefs  completely.  Thus  the  whole,  or  merely  a 
part  of  their  oxigen,  is  united  with  the  hidro- 
gen, with  which  it  forms  water,  whilft  the  metal, 
difoxidatcd,  or  lefs  oxidated  than  before,  is 
united  to  the  fulphur,  and  conftitutes  a fulphu- 
rated  metal.  It  is  for  this  realon,  that  the 
greater  part  of  the  metallic  oxides  are  very  ra- 
pidly coloured,  being  rendered  brown,  or  black, 
by  the  flighteft  contact  of  fulphurated  hidro- 
gen gas.  T he  waters,  charged  with  fulphu- 
rated hidrogen,  produce  the  fame  effect. 

14.  There  is  no  known  combination  between 
the  metals  and  the  diamond.  Neverthelefs, 
fufed  iron,  flowing  by  the  fide  of  a diamond, 
heated  red  in  a crucible,  where  it  has  been 
heated  in  the  midft  of  charcoal,  has  fcori- 
ffcd,  and,  as  it  were,  vitrified  that  part  of  the 
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diamond,  and  appears  to  be  tr  ly  combined 
with  it  ; thus  f timing  t announce  an  attrac- 
tion between  thefe  two  kinds  of  bodies;  this 
fadi  defervcs  the  attention  of  chemiffs,  and  it  is 
defirable  that  it  fhould  be  verilied  by  heating 
the  various  metals  ftrongly  with  the  diamond. 

15.  There  are  few  bodies  which  are  fo  ufeful, 
and  confequently  which  are  fo  much  ufed  as  the 
metals.  Neither  are  there  any  which  have  fo 
much  exerciled  human  induftfy,  and  given  birth 
to  fo  great  a multiplicity  of  different  arts.  The 
particular  hiftory  of  thefe  bodies,  deftined  to 
form  the  fixth  feciioii  of  this  work,  prefents  the 
ufes  of  each,  and  a ihort  notice  of  the  feries  of 
arts  which  are  connected  with  the  metals.  It 
is  fufficient  to  remark  here,  that  their  chemical 
examination,  fo  rich  in  numerous  fadts,  and 
their  treatment  fo  varied  in  the  great  works  and 
manufactories,  have  infinitely  contributed  to  the 
perfection  of  human  reafon.  This  is  well  prov- 
ed, by  the  manifeft  fuperiority  which  thofe  na- 
tions, among  whom  the  metallic  arts  are  culti- 
vated with  moft  fuccefs,  prefen t to  the  philofo- 
pher,  as  well  in  their  domeftic  enjoyments,  as  in 
their  public  profperity. 


END  OF  THE  FIRST  VOLUME, 


R,  Norn  e,  Printer* 
Old-Bailey. 
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